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°° PROPORTIONEERS % 
CONTINUOUS PRODUCTION 
METHOD CONFINES ALL 
FLUIDS IN PIPE LINES 
THROUGHOUT PROCESS 





These views of the %Proportioneers% 
continuous, automatic, cut-back instal- 
lation at the General Petroleum Cor- 
poration Asphalt Refinery in Vernon, 
California, indicate the cleanliness and 
compactness of this modern method. 





Open tank mixing and the fire hazard 
due to foaming are entirely eliminated. 
Less tankage is required for storage 
since blending is performed as a con- 





tinuous process and batches can be 
delivered direct to tank cars. Rehan- 











dling is avoided, with consequent sav- 
ings in time, power, equipment and 


evaporation loss. By means of this 
highly flexible % Proportioneers% sys- 


tem, one operator can... with a single 
adjustment... continuously reproduce 
any cut-back having a viscosity within 
specification limits. 


Ask for 
Standard Methods Brochure No. 110 


Write to %Proportioneers, Inc.%, 31 Codding St., Providence 1, Rhode Island 


Technical service representatives in principal cities of the United States, Canada and Mexico. 
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Cauitiaits 


TECHNICAL FEATURES 


First Unit at Amuay to Start Early in 1950 


Creole’'s 2%-year construction job rapidly nearing completion. 


Lubricating Oil Additives, Part IV. Oxidation Inhibitors and 
Detergents 


It is possible to divide this class of additives broadly into oxidation inhibi- 
tors, corrosion inhibitors, and detergents, although many of them are multi- 
functional in their actions. A list of patents coveriag various compounds 
suggested for these various uses is included. 


Vv. A. Kalichevsky 
New Mobile Petroleum Testing Laboratory 


A new petroleum testing laboratory especially suited to the needs of an army 
in the fleld hag been developed for our Quartrmaster Corps. It possesses ade- 
quate facilities for field checks on petroleum fuels and lubricants, and is light 


enough for transport by air. 


of Thermodynamics to Hydrocarbon Processi 
“Fert RAI, —_ ra ea eae Rameetion to Vapor-Liquid Equisib. 


= pressure at whieh the K values of a vapor-liquid aeicahonas ‘eulty is called 
the “convergence” pressure. [ts value depends on both the composition of the 
mixture and the temperature of the system. The convergence pressure is used 
for correcting the K values for the effect of high pressures, Both the data 
required and the correction procedures are emptrical. Typical cooreleniens are 
presented and discussed. 

Wayne C. Edmister 


Refinery and Other Plant Construction 
The Month in the Industry 


Science and Technology Abstracts 
Compiled by Dr. E. H. Leslie and Dr. H. B. Coate 


Digest of United States Patents Pertaining to Petroleum . .333 


Compiled by Heinz Heinemann 


New Equipment, Manufacturers’ Literature 
About Equipment and Service Suppliers 





September, 1949 








SECURMIY 


OY THE SQUARE YARO 


WHEELING 
EXPANDED METAL 


7. might call Wheeling Expanded Metal 
“Security Metal” because of the hundreds of 
ways in which it can insure security around oil in- 
dustry installations. Light but amazingly strong, it 
safeguards the man on the ladder. ..makes non-slip, 
self-cleaning walkways . . . stair treads. It safeguards 
property as a ravel-proof, rugged fence. Guards 
danger spots to prevent accidents. Ideal for tool 


room partitions, paint rac ks, lockers, sanitary shelves. 
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An ideal material for 
oll kinds of partitions 
where vision and ven- 


tiletion are needed. 





OTHER USEFUL WHEELING PRODUCTS 


Heavy Pails + Roller Cans + Oily Waste Cons 
Concrete Reinforcement + Metal Lath 
Steel Floor and Roof Deck 


WHEELING CORRUGATING COMPANY 
WHEELING, W. VA. 
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LANDMACO ce’ 
PIPE AND NIPPLE -cHaAmrers 


THREADING MACHINES IN ONE OPERATION 


Equipped with the LANCO Semi-Receding Internally Tripped 
Pipe and Nipple Die Head, the LANDMACO Single Head 
Pipe and Nipple Threading Machine is 

illustrated producing |!/," 

diameter tapered pipe 

threads on blank steel 

pipe. Operating at ap- 

proximately 63 R.P.M., 

the machine is producing 

nipples at the rate of 112 

per hour. 


The LANDMACO is es- 
sentially a high-produc- 
tion hand-operated tool. 
It is built in both single 
and double head models, 
in I'/," and 2" sizes, and 
equipped with LANCO 
Internally Tripped Pipe 
and Nipple Die Heads. 





@ LANCO Pipe and Nipple Die Heads 
are designed for use on hand-operated 
pipe and nipple threading machines 
to perform threading, reaming, and 
chamfering operations simultaneously. 


The Semi-Receding Internally Tripped 
Head is used for producing nipples and 
for threading long lengths of pipe. The 
receding action causes the chasers to 
recede or diametrically expand in cut- 
ting the thread. This assures accuracy 
of the thread taper, eliminates leave- 
off marks, and increases chaser life. 


Write for Bulletins D-67 and D-84 





LANDIS MACHINE Co 


WAYNESBORO, PA., U.S.A. 
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a TIMKEN 18-8 STEEL TUBING 
Shows the best combination of creep 
strength, oil corrosion resistance and 
osidation resistance up to 1500 F. 


2 TIMKEN SICROMO 5 S STEEL 
TUBING For oxidation resistance to 


1300°F. Good creep strength and 
corrosion resistance to 1300 F. 


WE rimKen 2%4% CR-1.0% MO 
STEEL TUBING For service up to 


1150°F. Has greater resistance to 


14% Mo. Steel. 
creep than 2% Cr. 92% 1 


Hl TIMKEN DM STEEL TUBING For 


HE Timxen sicRomo 9 M STEEL 
TUBING This steel possesses — 
maximum corrosion poe 0 
any of the steels below the stainless 


group. 


WB timxen 46% CR MO STEEL 
TUBING For service up to es F. 

ewatance eae 
Superior corromon re 


: » 3. 
oxidation resistance than Sierome 


WE TimKEN SICROMO 2 STEEL 
TUBING For service up to 1200°F. 

ore better scale resistance 
pre om can be obtained with 
2% Cr. 44% Mo. Steel. 


is re- 


. TIMKEN CARBON-MO STEEL 
TUBING For temperatures up to 


BH TimKen SiCROMO 7 STEEL 
TUBING For applications requiring 


better corrosion resistance than can 
be obtained with 9% Chromium 


type steels. 


BE Timxen sicROmo 3 STEEL 
TUBING For service up to 1200°F. 


Has excellent oxidation resistance 


and good corrosion resistance. 


HE Time 2% CR 2% MO STEEL 
TUBING For service up to L150°F. 


ce 
Intermediate corrosion resistam 


ep strength, fair oxida- 
plus good creep stre ngth 


tion resistance. 


2 TIMKEN CARBON STEEL TUBING 


not exceeding 


senerally for service 
900 and oxida- 


_ ns 0° 
service up to 1150 F. This steel 1M 


offers outstanding creep strength 


Improved creep 
makes it safer than carbon steel. 


900 F. where corrosion 


— are not important 


tion resistance 











12 popular steels= which one will give 
the best life/cost ratio for your tubes? 


HANCES are that several of these tube analyses will 
give you a better answer to your particular problems 


of heat, corrosion or pressure than the tubes you are 
now using. 


But only one will give you the most economical answer 
in terms of maximum life per dollar invested. 


How to choose? That's a job for a specialist! 


Let the metallurgists of The Timken Roller Bearing 
Company analyze your high temperature tube problems. 
With 19 years of experience and research to aid them, 
plus a wide selection of fine alloy steels tailored 
to meet every kind of operating condition, they can rec- 
ommend the steel that will do your job most efficiently 


2 


ae 50 my, 


@ 


ee, 


50th birthday of the company whose products 
you know by the trade-mark: TIMKEN 


—and at the lowest possible cost. 


Regardless of the analysis selected, you can be sure of 
getting the same scientifically controlied properties and 
the same high quality in every shipment of Timken tubes 
you buy. That's because the Timken Company rigidly 
controls quality through every step of production—from 
melting to final tube inspection. No other alloy steel pro- 


ducer enjoys such an outstanding reputation for consistent 
maintained quality. 


The Timken analysis service is free to high temperature 
tube users—no obligation whatsoever. Why not take ad- 
vantage of it now? Just write The Timken Roller Be 
Company, Steel and Tube Division, 
Cable address: “TIMROSCO”. 


aring 
Canton 6, Ohio. 


Specialists in alloy stee neluding hot rolled and cold finished alloy 
steel bars—a complete range of stainless, graphitic and standard tool 


analyses —and alioy and stainless seam/esa steel tubing 
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THE little Armstrong No. 800 e Actual tested hot condensate —_ from 
trap for pressures to 150 psi 450 to 690 Ibs/hr continuous, depen ing on 
is the modern version of the pressure. 

Armstrong No. 100 trap which Free-floating, frictionless leverage system. 
was introduced way back in 1931 Hardened chrome steel valve and seat. 

ae as the first small, heavy duty, side- 18-8 stainless one piece deep drawn bucket. 
a inlet, side-outlet mechanical steam trap Only 5” x 514” overall; weight 41/, Ibs. 

ever manufactured for small drips. The most widely e Price only $7.00 list. 

used industrial steam trap in the world, it is also The Armstrong No. 800 is unconditionally guar- 

one of the most widely imitated, but only the Arm- —anteed to give complete satisfaction or your money 

strong No. 800 offers all these advantages: uill be refunded. Your local Armstrong repre- 
sentative carries these traps in stock and will give 

; : you prompt attention if you will call him today. 

workmanship to that in Armstrong traps for Send for your copy of the 36-page Armstrong 

1500 psi, 900° F. Steam Trap Book. 


ARMSTRONG MACHINE WORKS, 852 Maple St., Three Rivers, Mich. 


* 


e Interior mechanism identical in material and 


ARMSTRONG STEAM TRAPS 


For fuel savings, low maintenance, automatic air removal SPECIFY ARMSTRONG ! 
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DniCoolor’ 


Finned tube air cooled units. 


Available with various fin and tube materials, 
sizes, and designs. 


Sized from small portable field units to large 
capacity, heavy industrial types. 


Induced or forced draft design with all parts 
accessible for flexible operation and easy main- 
tenance. 

Structures of all steel or sheet-asbestos covered 
redwood. 

Marley fans, drive shafts, and Geareducers field 
proven in over a decade of use. 


Exceptionally low cost . . . guaranteed perform- 
ance. 








Especially designed for cooling 

engine jacket water, lube oils, WHICH 
high pressure gases, steam con- e 
densing and similar applications. Water Cooling 


» dite for Bulletin DC-49. DO YOU Towers 


*DriCooler is the exclusive trade-mark of The 


Marley Company, Inc., and is used to designate 2 
its finned tube dry surface cooling equipment. . 
bal * Complete range of sizes, de- 


signs and materials. 





* Mechanical Draft or Natural Draft; Cross-Flow or 
Counter Flow; wood, steel, or transite cased. 


Famous cooling tower trade names such as Aqua- 
cL la 3 etal ad , q 
jr) aie - Ver tower, Double-Flow, Verflow. 
ae ale Poel . Fs | 
er : :, , , 
ae Exclusive Marley-designed, Marley-made fans, drive 
shafts and Geareducers. 
Accessible parts for flexible operation and easy main- 
tenance. 
Meet every water cooling need with top performance 
and low cost. 
Available with atmospheric sections for the indirect 
cooling of fluids. 
» Ask for Bulletin G-48. 


WHY GUESS WHICH IS BEST... Marley designs both, manufactures both, and sells both so a 


fair and impartial analysis of your cooling problem can be made, based on your needs—not upon the 
manufacturers ability to supply. 


Every day new money-saving applications for both types of equipment are worked out by 
Marley “double trained” engineers. To keep abreast of the latest developments and to make 
certain you get the kind of cooling equipment you need ask The Marley Company, Inc., to 
send a “double trained” Marley application engineer to help you solve your industrial 
cooling problem. There is no cost or obligation. 


THE MARLEY COMPANY, INC. > KANSAS CITY 15, KANSAS 
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Raw material control means better Tube-Turn welding fittings 





What’s a piece of steel 
made of? 


HE quality of a finished product 
T is largely dependent on the qual- 
ity of the raw material from which it 
is made. That’s why Tube Turns’ 
laboratory technicians thoroughly test 
every lot of seamless steel tubing re- 
ceived in the Tube Turns, Inc. plant. 


Answers to that important question 

What’s a piece of steel made of?— 
are determined in two ways. First, by 
chemical tests that disclose the exact 
percentage of the various elements 
present in the steel. And, second, by 
physical tests to determine the steel’s 
tensile strength, yield strength, and 
elongation. Unless the steel measures 
up in all respects, the entire lot is 
rejected. 

At the end of these tests, not only 


is the chemical composition of the 
steel known, but an accurate appraisal 
of its metallurgical and physical char- 
acteristics has been made. And these 
facts are filed by the laboratory con- 
trol number rolled into each fitting 
to identify it permanently with the 
lot of steel from which it was made. 


This rigid control over raw material 
is your assurance of basic quality in 
the Tube-Turn welding fittings you 
buy. Modern equipment in the hands 
of skilled technicians permit only the 
best steel to be used for the manufac- 
ture of Tube-Turn products. 


Remember, you can always bank 


on good service in good connections 
every time you specify ““Tube-Turn.”’ 


TUBE TURNS, INC. 


244 East Broadway, Dept. J, Louisville 1, Kentucky 


District Offices at New York, Philedeiphic, Pittsburgh, Chicago, Houston, Tulsa, Sen Francisco, Los Angeles 
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TUBE-TURN 


WELDING FITTINGS 
AND FLANGES 


Foolproof chemical analysis of steel is made quickly 
ond accurately on this Spectroscope, typical of the 
modern equipment used by Tube Turns, inc. in the 
control of raw material 


Tensile strength of all seamless stee! tubing is accu 
rately measured on this machine, copable of exert 
ing a force of 60,000 pounds. Yield strength and 
ductility ore also checked here 


Periodic checks on the hardness of the steel are made 
with this Rockwell instrument to determine the strength, 
ductility, and machinability of the materiol. Brinell 
equipment is also used to check hardness 


Advance indication of whot will happen to the steel 
during processing is determined with this electric 
furnace, one of a battery. Heat treatment to which 
the material will be subjected is duplicated here. 
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Wax Overhead Product 


REFINERY SAVES $94 A DAY 


BY USING NEW L&N PNEUMATIC CONTROL 


The Process Engineer of a big refinery was listen 
ing to an L&N engineer's explanation of L&N’s new 
complete Pneumatic Controller. “It sounds good,” 
he said 
using it. What kind of application do you suggest in 
our plant?’ 

\ny one you like 


that you'll eventually want to use it on even the easy 


“Maybe we're missing something in not 


his controller does so well 


jobs. But, for your first experience, why not pick 


your toughest control problem? 


Che oil man hesitated. Finally he said, “Well, we 


llers on our tough spots, and we 


sady have contro 
ty good job. But I want to know 

late one of your Controls with one 
we're using now, and see how it 


a very stubborn tower-top regulation.” 


Each Controller 
L&N-—had 30 


ition was made 
the new 


1 responsibilit r the tower 


Oop 


MEASURING INSTRUMENTS TELEMETERS 





diagrammed above. With throughput remaining con 
stant, the unit operators simply worked to get the 
most yield possible of specification product 


There were soon clues to good results, for the 
L&N Controller began by correcting the inevitable 


than had been the case in 


upsets more promptly 
the past. 

But mere clues were not enough; dollar savings 
were demanded. So, the quality-control engineers 
tower 
results. They came up with a written that 
the L&N Controller saved just over $94.00 each and 


standard statistical routine to the 


applied 
report 


every day it was used! 


his saving is due to the complete, integrated 
nature of the Controller. The amount saved will of 
course vary with the application, but the good effect 
of complete control is always profitable. Let us send 
i description of the Controller. Just write Leeds & 


Northrup Co., Ave., Phila. 44, Pa 


4923 Stenton 


AUTOMATIC CONTROLS HEAT -TREATING FURNACES 


LEE DS & NORTHRUP CO. 
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revent Profit-Stealing 
Scale in Your Refinery 


Prevention of scale in your coolant 
cycle can cut your maintenance 
costs! Here's proof: The scale shown 
here clogged pipes used in pumping 
hot water in only three months! 
Operator now saves thousands of 
dollars annually by utilizing com- 
plete Allis-Chalmers water condi- 
im tioning program in his refinery! 








A-C SUPPLIES COMPLETE WATER CONDITIONING SERVICE—EQUIPMENT—CHEMICALS 


September, 1949 


cae AND HOT RUN-DOWN 
STREAMS can waste thousands of 
dollars annually in your refinery! 
Your master mechanic or head still- 
man knows your needless expendi- 
tures for excess condenser mainte- 
nance, product loss and down-time 
of process units, 

Allis-Chalmers does not offer a 
“cure-all” for the scaling problems 
in any coolant cycle. We recognize 
that every problem is different — 
depending upon raw water analysis, 
per cent of make-up, etc, After a 


ALLIS-CHALMERS 


careful study of all the factors in- 
volved, A-C specialists can recom- 
mend an efficient process or equip- 
ment for your particular needs: 

SERVICE: Complete analysis of 
water supplies ; reports on water- 
steam cycle; study of equipment; 
advice on selection of chemicals; 
periodic reports and service calls. 

CHEMICALS: Scale inhibitors for 
all heat exchanger cycles, Special 
chemicals to prevent boiler scale, 
control corrosion, reduce silica, and 
correctly condition sludge. 


Texrope is an Allis-Chalmers 


EQUIPMENT: Hot and cold proc- 
ess softeners, sodium and hydrogen 
zeolite softeners, degasifiers, deion- 
izers, chemical proportioners, oil re- 
moval and water | 

For prompt assistance with ayy 
water conditioning problem, call 
your nearby A-C Sales Office, or 
write direct. A 2791 


ALLIS-CHALMERS, 1062A SO. 70 ST. 


MILWAUKEE, WIS. 


AC 
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On the Oil News — 


Specify Allis-Chalmers for sound design and construction 
... equipment suited to your particular needs, engineer- 
ing-wise ... in a maximum range of types and sizes! 
Today, A-C is working with oil men around the world 
... helping to solve equipment problems for expansion 
and modernization. 
Below see how leading refineries utilize up-to-date 


Allis-Chalmers power and processing equipment. 


1 


Power and 


Protection! 


Two 2500 kva Allis-Chalmers trans- 
formers are combined with protective 
Circuit breaker equipment in this mod- 
érn installation at the Shell Oil com- 
pany refinery, Deer Park, Texas. 


PROBLEMS OF SLUDGE RECIRCULA- EQUIPMENT DEPENDABILITY is fur- 
TION are licked at the Whiting refinery of nished by Allis-Chalmers 400 hp explosion- 
the Standard Oil company of Indiana with proof, tube-type motors “on-the-job” in Sin- 
these Electrifugal close-coupled pumps. clair Refining company pipe line stations. 


Petroleum Refiner—V ol. 28, No. 9 





with ALLIS-CHALMERS 
EQUIPMENT 


Runs as 
Smooth 
as Glass! 


Three Allis-Chalmers 600 hp explosion- 
proof motors and three 500 kva trans- 
formers provide operation as smooth as 
glass at the Baytown, Texas, installa- 
tion of the Humble Oil & Refining Co. 





Air Power 
Assured ! 


In operations at the Lake Charles, La., 
plant of the Cities Service Refining 
corp, seven Allis-Chalmers centrifugal 
blowers provide rated air power, 


— Be I a at 


New Tube-Type Motors Typical of A-C Equipment Advancements For Petroleum! 


ROTECTION AGAINST EXPLOSIVE VAPORS in refin- These new motors are just one example of how 
ery operations is made possible with the new  Allis-Chalmers serves you. An A-C petroleum equip- 
Allis-Chalmers line of tube-type, explosion-proof ment engineer is nearby! Call your Allis-Chalmers 
motors for the oil industry. Approved by Under- Sales Office or write for Petroleum Industry Bulle- 
writers’ Laboratories in ratings up to 450 hp! tin 25B7291. A-2749 
Higher ratings are available in a similar design. ALLIS-CHALMERS, 1062A SO. 70 ST. 
MILWAUKEE, WIS. 


Electrifugal is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 


Power, Electrical, Processing, and General Machinery for the Petroleum Industry 
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What's the trend 


nmi == «more high- 


electrification ? 


the old way 
foe 


FS In the high-voltage distribution sys- 
] tem using loed centers (right), ex- 
cessively long and expensive 480- 
volt feeder-cable runs are eliminated. 
Cest of secondery switchgear is re- 
duced tee, b feeder breckers in 
this system need less interrupting ca- 
pacity. cate eagadilly Gow eae 
flexible dern layout, exp is 
simpler, less expensive. 


EXPANSION AREA D AREA A ! EXPANSION AREA © 
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WHEN YOU COME TO GENERAL ELECTRIC you get far more than 
the finest in electrical equipment. A General Electric application 
gineer, familiar with refinery practices, is at your disposal. If 


Here’s what you need a ee 
to modernize 
your power system! 








— voltage distribution 


lo reduce power losses, cut equipment costs 


You see it in more and more refineries 
today. It’s the trend to load-center 
power distribution. High-voltage power 
is distributed within the plant right to 
the heart of electrical load areas. There 


fluctuation is kept within narrow limits, 
and voltage drop is lessened. This cuts 
power losses, permits plant equipment 
to run at full efficiency. 

Economies in the cost of cable runs, 


as well as in the cost of transformers and 
secondary switchgear, go hand in hand 
with high-voltage distribution. Plant re- 
arrangements or additions can be made at 
less cost because of the flexibility of this 
system. Lower maintenance costs and 
easier installation are added advantages. 


it’s stepped down to utilization levels in 
load-center unit substations and carried 
to points of use by short low-voltage 
secondary feeders. 

This modern method provides several 
advantages. By replacing long, low- 
voltage feeders with short ones, voltage 


THREE KINDS OF HELP . . . NO OBLIGATION! It’s a simple matter 
for you to get the whole story on how modern refinery power dis- 
tribution can affect your plant layout, operating continuity, costs. 

As a service to industry, General Electric offers a 3-point program 
comprising (1) A fact-filled manual, without sales talk, on plant 
power distribution; (2) A slidefilm with sound that shows in 
detail what load-center distribution is and what it does; (3) II- 
lustrated booklets highlighting the main points of manual and 

film. Write today to have this helpful program made available to 
you and your staff—without charge or obligation. Apparatus Dept., 

General Electric Company, Schenectady 5, N. Y. 





ae 


Lood-center unit substations —compact, fully 
enclosed, and built from matched components 


These completely metal-enclosed G-E package In G-E metal-clad switchgear, convenient ver- 


substations are factory-built to fully co-ordi- tical-lift construction of magne-blast air circuit 
are complete, easy-to-specify units. Made 


in flexible combinations, easy to rearrange. 


CTRIC 


nated designs. You save both engineering time breakers makes it a quick, easy job to remove 


and installation time. them for inspection or maintenance. 


GENERAL @@ ELE 
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CORROSION-RESISTANT FITTINGS for ALL 
WORKING PRESSURES and TEMPERATURES 


Why invest in an expensive inventory to speculate on your replacement needs 
or additional requirements . .. when you can depend upon Metal Goods for 
swift delivery? We carry your stock and anticipate your requirements. 


Your nearby Metal Goods Warehouse stocks 
many valves, fittings and accessories of Stainless 
Steel, Monel, Nickel Alloys, Everdur and Brass. 


Standard and special sizes and types that meet API- 
ASME and ASME requirements. You'll always save time 
as well as inventory expense by depending upon your 
Metal Goods warehouse for all of your fittings. Your 
Metal Goods man will be glad to help you with your 
valve and fittings problems. 


Have you a “‘Metalog” to order from? We'll send 
yours on request?! 


"METAL GOODS CORPC 


OFFICES AND 
WAREHOUSES: St. Louis, 5206 Brown Ave. * Houston, 711 Milby St. ¢ Dallas, 6211 Cedar Springs Rd. 
Tulsa, 302 N. Boston * New Orleans, 432 Julia St. « Denver, 817 17th St. ¢ Kansas City, 1300 Burlington 
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ASBESTOS 

Gar.ock 730—for hot or cold water at 
medium to high pressures. 
Gar.ock 731—for steam, gases or watet 
at temperatures up to 700° F. 
Gar.ock 732 (wire inserted)—for heavy 
duty service against steam, oil, gases on 
water at temperatures up to 700° F. 
Gar.ock 733—for hot or cold water or 
alcohol at medium or low pressures. 
Gar.tock 734—for cold gasoline, kero- 
sene and light oils. 
Gar.ock 736 (blue asbestos)—for con 
centrated mineral acids. 

FLAX 
Gar.tock 740—for cold water at me- 
dium or low pressures. 
Gar.ock 745—for heavy hydraulic serv- 
ice against cold water. 

COTTON 


Gariock 75l—for hot or cold water. 





Cross section view of 

Gartock Lattice-Braid 

packing, showing unique 
structural design. 


The individual strands are braided through and 
through in an entirely different way by specially 
built braiding machines designed exclusively for 
manufacturing Garlock Lattice-Braid packing. 
All braided strands are strongly lattice-linked to- 
gether into a structural unit which holds together 
even when the packing is worn far beyond the serv- 
iceable limits of wear of ordinary braided packings. 
The unique structural design of Garlock Lattice- 
Braid packing also provides unusual flexibility and 
built-in controlled porosity which imparts semi- 
automatic action and keeps the packing properly 
adjusted in the stuffing box. 
Write for folder! 
THE GARLOCK PACKING COMPANY 
PALMYRA, N, Y. 


Tulsa, Okla. Houston, Tex. 


Los Angeles, Calif. 





GARLOC 
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Complete selection in refinery piping 
eee0n one order to CRANE 








Why look around for piping equipment when the SOURCE OF SUPPLY 
world’s most complete selection is right at hand? One RESPONSIBILITY 


catalog— your Crane ( atalog—giv es easy access to the STANDARD OF QUALITY 

widest possible choice of valves, fittings, pipe and 

accessories. Yes, and one order to Crane results in 

better service, through a network of cooperating, well- 

stocked Branches and Wholesalers backed by large WATER LINES in refinery pump room using Crane 150- 

factory stocks. pound W’.0.G. iron body double disc gate valves. 
You can rely on the unmatched completeness of this 

One Source of Supply to simplify piping procedures on 

any refinery piping job. One Responsibility for mate- 

rials helps you to get better installations, avoids need- 

less delays. And by specifying Crane Quality you're 

sure of Highest Quality—and a more dependable per- 

formance from end to end of every piping system. 


CRANE CO., 836 S. Michigan Ave., Chicago 5, Hl. 
Branches and Wholesalers Serving All Industrial Areas 


BAUXITE FILTERS in HF alkylation unit featuring Crane 300-pound steel 


gate valves. Crane supplies evervthing for installations of this type. 


% 
>. 


PIPE LINE PUMPS at butane pump station— 
large and small 600-pound steel gate valves 
are from the complete Crane line 





v4 4 344,10 de *” 
} PLUMBING 


VALVES AND 
FITTINGS HEATING 
PIPE 
a4 FOR EVERY P/P/ING SYSTEM 


Petroleum Re finer 








Two types of teamwork play important roles in the engineering 


and construction of a plant: (1) Internal — within the contractor's own 


organizaticn, (2) External — between the contractor's and your personnel 


Internal teamwork shows up in records of successful accomplishment, a 
product of experience in working together on job after job. But the extent of 
external teamwork is more difficult to predict. 
In carrying out its contracts, Lummus assumes a responsibility for giving you 
the benefit of all that your staff can contribute, as well as our own. We do not lean 
on your staff for ideas. But neither do we lean away from preferences they 
express or suggestions they offer. Your Lummus-built plant makes the 


most of the combined experience of your people and ours. 


designs and builds with 








Economy 

Fulfillment 
Perspective 
Resourcefulness 


| 
TEAMWORK ) 


Technique 


te Gq "ey way Cc? rk in process development 


In the development of improved methods of producing lubricating oil, 
Lummus has worked in close-knit cooperation with many leading oil companies. 
Lummus’ exclusive pilot plant equipment for lube-oil process development 
has been employed to explore process alternatives suggested by these 
customers, supplementing their own research. More than 85 process units for 
solvent refining and dewaxing have resulted from this work — including 


the largest lube-oil plant in the world. 


TEaMWOLK ix pion design 


Lummus coordinated its engineering with the requirements and preferences 
of a leading chemical company — and laid the groundwork for an advanced 
type of ethylene plant. High yields are being obtained from a wide 


range of charge stocks. Operating costs are favorable, too. 


tea mwork in plant construction 


Construction in foreign countries and remote locations calls for a close 
relationship at the site between Lummus’ personnel and oil company field 
forces. Assignment of men with a thorough knowledge of the region, its 
customs, laws and labor regulations, helps maintain this local cooperation. 
Records are maintained in accordance with client requirements for 


progress reports and cost control. 





THE LUMMUS COMPANY 
N.Y 


420 Lexington Avenue, New York 17, N. Y. 


LUMMUS 


CHICAGO — 600 South Michigan Avenue, Chicago 5, Ill. 
HOUSTON — Mellie Esperson Bidg., Houston 2, Texas 


The Lummus Company, Ltd., 525 Oxford St., London, W-1, England 


Société Francaise des Techniques Lummus 
39 Rue Cambon, Paris ler, France 


Compania Anénima Venezolana Lummus—Edificio “Las Gradillas”’ 
Esquina Las Gradillas, Caracas, Venezuela 








LEAID 
LININGS 


e 


In unnumbered processing plants across the country, sheet 

lead plays a vital role in keeping ac ids under control. 

Because, among other unique properties given lead by nature, 

is slern resistance to corroston, 

It is this innate ability to blunt the teeth of hungry acids, coupled 
with several of lead’s other “‘abilities” adaptability, workability, 
durability and availability—that makes the use of lead a virtual 
“must” as a lining for tanks, tubs and vats in which corrosive 


liquids are handled, moved or stored. 





National Lead markets sheet lead of several tvpes—chemical. anti 
monial, tellurium and antimonial-tellurium. Each has its functional 
place in the processing field. All are produced with a know-how that 
makes the most of the metal’s inherent qualities. From starting slab 
to sturdy sheet, the rolling is done under the watchful eyes of experi- 
enced operators. The sheet comes off the cutting table smooth, 
uniform, and true to weight and dimensional specifications. 

If your acid-handling activities demand lead’s unusual 

combination of properties, use National Lead sheet. And 

if you would like our views on ways and means of getting 

optimum results from sheet lead installations, 


consider us at your service. 


_ she Leader for Leag 
° 


..in everything from lead pipe...valves...sheet...and lead-lined 
or lead-covered equipment ...to complete acid recovery plants 


NATIONAL 


Lead Company 


New York 6; Baltimore 3; Buffalo 3; Chicago 8; Cincinnati 3; Cleveland 13; Pittsburgh 12; 
St. Lowis 1; Boston 6 (National Lead Company of Mass.) ; Los Angeles 23 (Morris P. Kirk & 
Son, Inc.) ; Philadelphia 25 (John T. Lewis & Bros. Co.); Atlanta (Georgia Lead Works, 
Div. of Cincinnati Branch); Toronto, Canada (Canada Metal Co. Ltd.). 
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For long service at lowest cost... 


CARBON, ALLOY, 
AND STAINLESS STEEL 


..the most economical me for each 


application 

. . €ase of fabrication and installation 

-+ Service-proved , quality and depend- 
ability 


Because B&W Condenser Tubes are: 


.- Available in seamless and welded types, and a 
full range of carbon, alloy and stainless grades. 


. - Made to your specifications. 


. . Produced to the same high standards as all other 
widely used B&W Refinery Tubing. 





THE BABCOCK & WILCOX TUBE COMPANY 
GENERAL OFFICES: BEAVER FALLS, PA. 
PLANTS: BEAVER FALLS, PA. AND ALLIANCE, OHIO 


Ln 


. . » 9 
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While it is axiomatic that return on investment—the ultimate earning power of a refinery unit when actually on stream 
is the only true evaluation of competitive engineering recommendations, initial plant costs remain a major factor in 
refiners’ decisions on plant installations. M. W. Kellogg takes specific steps to minimize initial plant costs consistent 
with the achievement of highest ultimate earning power 


HOW WATCHING AN ANGLE CAN SAVE $20,000 


Watching an angle, in this instance, concerns a main 
vessel and the saving is not in steel, pipe or concrete. 
Of all things, it is in the cost of derrick operations. 

Most refiners know that Kellogg was the first to uti- 
lize gigantic, 150-ton-lift, centrally-located, guy derricks 
in refinery construction, a practice common in the indus- 
try today. However, probably few refiners give much 
thought to the fact that the ability of these derricks to 
lift varies with the distance the object to be lifted is 
from the base of the derrick and, therefore, with the 
angle of the boom. 

But that’s an important point to remember in refinery 
engineering —to forget it can cost appreciable amounts 
of money. For instance, most refinery jobs embrace a 
half dozen or more major lifts in connection with plac- 
ing vessels. If, because of some minor oversight in the 
original planning, any one of them is incorrectly lo- 


ing radius of the guy derrick—there is an extra item 
to go into the cost sheet for special rigging. It may run 
as high as $20,000. 
That's one reason why, at Kellogg, plot plans are cre- 
ated jointly by the Engineering and Construction groups 
. why many other phases of refinery building—struc- 
tural steel, foundations, insulation, buildings to specify 
but a few—are designed through close collaboration be- 
tween these two groups. 
Only through the integrated efforts of several types 
of specialists in the design phase, can the little design 
bugs”, which cost refiners extra sums on the construc- 
tion lot, be removed with an eraser. Further, such basic 
economy is only possible when ail specialists concerned 
are constantly available for easy consultation so that 
checks and balances are automatically applied at the 
proper time. That, Kellogg believes, is the only true 


cated—even as little as a foot outside the possible lift- approach to LOW INITIAL COSTS. 


THE M. W. Kezzoce Company 


A SUBSIDIARY OF PULLMAN, INC 
ENGINEERS TO THE PETROLEUM INDUSTRY 


NEW YORK JERSEY CITY LOS ANGELES TULSA HOUSTON TORONTO LONDON 
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How does that compare with what you are now 
paying for inert gas? 

The difference tells you how long it will take to 
pay for a Kemp Inert Gas producer out of savings. 


(nd indeed, there will be savings! 


Not only in cost of gas, but in freedom from 
wrestling with CO: bottles . . . in the opportunity 
to use inerts as generously as you wish . . . in the 
ability to pipe it throughout the plant for use in 
blanketing, agitation, fire-protection . . . in the 


ability to turn it on and off at need with produc- 
tion cost per Mcf uniform at high or low demand. 


Kemp Model 20 MIHE Inert Gas pro Send for a Kemp engineer ... there's one near 
ducer. 20,000 cih discharged at 10” W4 
Completely wired and ready for imme 


1te connection to utilities can help save money for you. 


KEMP of BALTIMORE 


PRECISION CARBURETORS. BURNERS FOR INDUSTRIAL HEAT CONTROL. FIRE-CHECKS AND OTWER SAFETY DEVICES. 
ATMOSPHERE GENERATORS. INERT GAS PRODUCERS. ADSORPTIVE DRYER SYSTEMS FOR PROCESS CONTROL 


you who knows your problems and how Kemp 


The C. M. Kemp Manufacturing Co 
yo5, East Oliver Street 
Baltimore 2, Maryland 


Please send me your NEW Bulletin I-10 on Inert Gas Generation 


Please send a Kemp representative in to see me 

Name 

Company 

Street 

City Zone 
Stat 





BUBBLE CAPS FABRICATED OF TYPE 316 
STAINLESS STEEL—from five stampings and positioned, as 


illustrated, in a special jig—materially contribute to sharp, uniformly 
accurate fractionation. The high strength-to-weight ratio of stainless 
steel plus its ease of fabrication make possible more teeth or slots 
per cap than less rugged, harder-to-work metals . . . and, as a result, 
more intimate liquor-vapor mixture on the tray. ENDURO’s many 
advantages make it equally applicable to condensers, cracking stills, 
header boxes, heat exchangers, hot oil lines, sludge tanks and swing 
lines—to mention only a few. 





EASY TO FABRICATE...for Sharp Fractionation! 


Republic ENDURO Stainless Steel fabricates read- 
ily and economically to almost any desired shape. 
This, plus its high strength-to-weight ratio—more 
teeth or slots per cap—and its resistance to coking 
helps to sharpen fractionation and cut down-time. 
Its ease of cleaning, its high heat-resistance, cor- 
rosion-resistance, great strength and long life make 
ENDURO the natural partner of the oil refining 
industry. Over and over again, ENDURO has more 
than justified its slightly higher initial cost over less 
versatile metals by contributing substantially to 
product uniformity, continuous “on stream” time, 
low maintenance and long, efficient life. 


Economy—Efficiency—ENDURO ... the three are 
inseparable. 

ENDURO is a large family of analyses, each spe- 
cially adapted to specific applications. Put this 
family to work for you; they are all hard-working 
profit-producers. For more information, talk with 
your equipment manufacturer or write: 


REPUBLIC STEEL CORPORATION 


Alloy Steel Division ¢ Massillon, Obio 
GENERAL OFFICES ° CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, New York 


STAINLESS STEEL 


AEG. U. ©. PAT. OFF, 


V Check ALL 10 Advantages: « rust AND CORROSION-RESISTANCE © HEAT. 
RESISTANCE © HIGH STRENGTH @ NO METALLIC CONTAMINATION © SANITARY SURFACES 
@ EASY TO CLEAN © EYE APPEAL © EASY TO FABRICATE © LONG LIFE ® LOW END COST, 
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Mighty Mites j 


Those little traps with the big thirst— Yarway Impulse Steam Traps—are 
doing a giant's job in hundreds of refineries throughout the country. 


Yarways are ideally suited not only for refinery work, but for all industrial 
trapping service. They literally drink the condensate—discharging con- 
tinuously on heavy loads, intermittently on light loads. Hence they provide 
maximum heat in the shortest possible time to keep equipment at top 
efficiency. 


Yarways are suitable for all pressures without change of valve or seat. 
Compact design makes them easy to install, and simplicity of construc- 
tion (only one moving part) minimizes maintenance. 


Next time old-type traps need repair, consider replacing them with 
Yarway Impulse Traps. New Yarways frequently cost less than the repair 
job. Over 600,000 have been bought! 


See your nearest Supply House, or write for Bulletin T-1739. 


YARNALL-WARING COMPANY 
128 Mermaid Ave., Philadelphia 18, Pa. 


me 





for piping and fittings - 


PC Foamdias Pipe Insulation is available in two types—Regu PC Foamélas Fitting Insulation is furnished 
lar or unwrapped, and Factory-wrapped. The Factory- unwrapped only, ready for application, or it 
wrapped material, as shown here, is provided primarily for may be fabricated in the field from stand- 
high temperature applications. Both types are easy to apply. ard Foamglas blocks or pipe insulation. 


@ PC Foamglas is the only pipe and fitting insulation close tolerances to insure a close fit and to provide full 
that can be used for both hot fas ca 1 piping, indoors and thickness of insulation. The material is strong, rigid, light 
outdoors. It is moistureproof, vaporproof, acidproof and in weight. It is easy to cut and fit with ordinary tools 
fireproof. With PC Foamglas, you need no expensive right on the job. 

vapor and weather protection, need not fear costly main- 


It takes an extraordinary insulating material to help 
tenance, repairs or repl. acement. 


maintain the exact temperatures required i in process in- 
F zlas P iF Insul: I 1 j PC F ri l f satisfz 

oamglias ripe anc itting nsulation is fabricated to dustries, Oameglias IS giving long years Of satisfactory 
service on all sorts of processing equipment, because, 
when properly installed, Foamglas retains its original 


insulating efhciency permanently. 


This is FOAMGLAS ® Specifications and details regarding a wide variety of 


Foamglas installations on pipe lines and equipment have 
rhe entire strong, rigid block is com j . 
posed been published. Many of them are included in our new 
of millions of sealed glass bubbles. They + ll | li Y > ; met 
foes @ Guinnlay Gireninee, Go wo aie, 24 page book on PC Foamglas Insulation for industrial 
moisture, vapor or fumes can get into or use. Send in the convenient coupon and you will receive 
through the Foamglas block. In those " f , 
closed glass cells, which contain inert air, a Jree copy at once. 
lies the secret of the material's permanent 
insulating efficiency. SE nas | 
For additions! information see our inserts in Swee!'s Catalogs 





= 





Pittsburgh Corning Corporation | 
Dept. T-99, Fourth Avenue | 
Pittsburgh 22, Pa ; i. 
se sent 
Without obligation on — ~ geome “4 by - 


booklet o 
ay eer ee oe t industrial insula 


sulation, the permanen 
tion. 


Name 
Address 


City 


1 FOAMGLAS INSULATION 


...when you insulate with FOAMGLAS... you insulate for good! 


—————————— 
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YOU CAN 


Yes, there is no slidewirein Dyna- full scale to complete balance in 

log* | lectronic Potentiometers! In as little as | second —5 seconds 

its place is a simple, variable ca- standard. Accuracy .. . 1/400 or 

pacitor. Here at last. is an ideal, 44 of 19% of seale. These and 

continuous, stepless, balancing de- — many other advantages of Dyna- 

vice... with sensitivity unlimited — log Instruments are all the result 

by the turn-to-turn steps of a of this entirely new concept in 

slidewire winding. No moving potentiometer design. Dynalog Simifed in design to the tuning element in 
contacts to wear or corrode. No Instruments are available for your radio, this variable capaciter gives 
gears, cables, or complicated — measuring or controlling temper- instant, automatic, stepless balancing 
mechanisms. Unprecedented high — atures (with thermocouples or re- 
freedom — sistance bulbs). humidity, pres- 


etc. Get the 


sustained accuracy and 
from maintenance sure. flow, force. 

Naturally you anticipate better complete story in Bulletin 427. 
performance . . . and you get it! Write The Foxboro Company, 
Sensitivity is one ten-thousandth 74 Neponset Avenue, Foxboro, 
(1 100 of 1°) of seale Speed as Mass., U. S. A. 


*Reg. U.S. Pat. Off 





Here's why DYNALOG Potentiometers set 


a new standard in freedom from maintenance 


® No Slidewire. @ No botteries to stondordize 


@ No moving contacts @ No maintenance except occasional re- 
placement of standard radio tubes. 


© No high speed motor. @ No geors. 


@ No galvonometer. @ No knowledge of electronics needed. 


FOXBORO 


U.S. Pat. Off 
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Wolverine 


OIL BURNER TUBE 
A.G.A. TUBE 
CONDENSER TUBE 
FABRICATED 


The next time you need seamless, non- 
finned or fabricated—buy Wolverine tube and be sure. TUBULAR PARTS 


WOLVERINE TUBE DIVISION 
CALUMET AND HECLA CONSOLIDATED COPPER COMPANY 
tncorrpoaoRrRaTeo 


MANUFACTURERS OF SFAMLESS AR sN-FERROUS TUBING 


1431 CENTRAL AVENUE DETROIT 9, MICHIGAN 


September, 1949—A Gulf Publishing Company Publication 











when the cis are down. ri 
YOUR BEST BET is the 


SERIES “700° 


DIAPHRAGM CONTROL VALVE 











P.. CISION processing demands high quality, low main- 
tenance and continuous operation from all production 
tools. The Belfield “700” is the diaphragm control 


valve you can count on... every time and all the time! 


Here are the reasons why: 
ADVANCED DESIGN that gives you a host of special 
operational features in addition to the ones you expect 


to find in a fine valve. 


Sit . 
Sy 


PROVED QUALITY that stems from more than 100 
years of experience with the right design, the mght ma- 
terial, the right specification for each and every job. 
NATIONWIDE SERVICE from the Muinneapolis- 


Honeywell network of branch offices and factory- 


trained held engineers, as near to you as your phone. 


aie 


Investigate the details ... today . rite for rcop 


Bulletin 700-1 
MINNEAPOLIS-HONEYWELL REGULATOR CO. 
BELFIELD VALVE DIVISION 


Philadelphia 44, Pa. 
Offices in 73 principal cities of the United Stotes, Conodo and throughout the world 


eLtle, 


worios 
LARGEST 
ORGANIZATION 
FOR ADVANCED 
INSTRUMENTATION 
AND CONTROL 


a 
PBs Pe sr ie 


Y tafrh vague latves 
AND PROCESS CONTROL SPECIALTIES 


+ Bet OR a ae Me eg, te 
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~ SWING AWAY tom TROUBLE... 


with swing pipe cable of corrosion-resistant MONEL 





Veo know what happens when a swing line lets go, drop- 
ping your pipe to the tank bottom. 

It’s too late then to wish somebody had insisted on 
Monel* wire rope for the swing line. 

But — fortunately —it's never too late to specify Monel for 
replacement. 

Men familiar with the ways of beating refinery cor- 
rosion problems agree that you could hardly make a 
smarter choice. Here’s why: 

Monel, a solid Nickel Alloy, is corrosion resistant all 
the way through. And Monel wire rope is strong and 
tough; it is available in sizes to support and swing your 
largest pipe with maximum safety. 


3-Way Protection 

Monel wire rope stands up against the 3 corrosive areas 
that gang up on swing and gauge lines: stored fluid, 
vapor space, and atmosphere. Monel affords ample pro- 
tection against all three! 

You can see, then, how it happens that Monel line installa- 
tions have outlasted their predecessors by many years. 

For your next new storage tanks—or for your next 
replacement jobs —- make sure your lines are Monel. 
Write us for further information about sources, prices 
and deliveries. And prepare for a pleasant surprise 
you can actually save money by using Monel! Get the 


full story by mailing the coupon now. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Woll Street, New York 5, N. Y. *Reg. U.S. Pat. Off 


THE INTERNATIONAL NICKEL COMPANY, INC. 

i 67 Wall Street, New York 5, N. Y.. 
e I'm sold on the advantages of Monel for swing pipe 
cable. If it'll save me money, too, I certainly ought 
to have all the facts. Without obligation, please send 
me information about prices, sources and deliveries. 
LONGER LIFE — GREATER SAFETY. Monel swing pipe cables and 
gauge lines provide a high degree of resistance to the principal Name 
corrosives encountered in petroleum storage. Photo by Libsohn, 

courtesy of Standard Oil Co. (N. J.). 


Company 
Address . pehidsindamaumnideaia PR-9.49 


a ee 


MONEL.. your PARTNER IN PROGRESS ; 
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On thousands of applications in every field of manufacture, stepless 
variable speed operation assures exactly the right speed for every 
operation . . . for every operator . . . the right speeds for each 
change in the consistency or shape of the material being processed. 
Such variable speed operation pays off in higher rates of production, 
a more uniform better quality product and more efficient perform- 


ance of your equipment and your operators. 
make a 
good job better 


Master Speedrongers provide this infinitely variable speed in an all- 
’ metal, mechanical variable speed unit whose compactness and durability 
are extra features to help you make a good job better. And nowhere 
else will you find variable speed drives that are so flexible, so easily 
adaptable and in such a wide range of types and sizes. 

i For, jexample,, look at the cohtrolled volume pumps shown below. The ‘ 

Speedranger, on the drive unit incorporates an explosion proof motor, : ; 
SAletaaeial ah end 6.gich eeteatle ..), lt apadald taper rit ee ; 
units that easily combine into one compact, integral power package. 
This provides. exactly the right speed, the right features, in a unit 
that you can mount right where you want it. 

* Probably you will not need this same combination of features. 
However, the next time you need a drive for material processing, 
handling, and conveying equipment; mixers and agitators; welding- 
positioners; machine tool drives; testing and calibrating equipment 

. to name only a few . . . see what a really remarkable job Master 

Speedrangers can do for you. Write for Data 7525, 

new twenty-four page booklet on Speedrangers. 
THE MASTER ELECTRIC COMPANY 


DAYTON 1, OHIO 2. / er: 
Mer a, = 





especially when you use a he 





SPEEDRANGERS = 
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my yaecialis #4 in 
BIG ALLOY TUBING 








IN ANY ALLOY to Meet Your Specific Heat or Corrosion Problem 


As suppliers of welded alloy refining equipment for butt-welded to make any required length. Chemical 
almost 25 years, Pressed Steel Co. offers you a and physical perfection of PSC tubing is assured by 
wealth of experience in fabricating welded alloy hydrostatic, tolerance, surface and straightness tests. 
tubing. Furnishing any diameter up to 60”, we Thermocouple protection tubes from stock or to your 
specialize in the larger diameters. We fabricate from order. Write as to your needs. 

the complete list of available alloys. This is an 

advantage that enables PSC tubing to better meet 

particular heat, corrosion or oxidation conditions which, 

in turn, is resulting in better life/cost ratios. PSC 

welded alloy tubing is furnished in any wall thickness 

from 1/16" to 3/8"; temperatures up to 2200° F. It 

can be readily bent, coiled, swaged and formed; and 


Tube Assemblies Fabricated to 
Your Blue Prints, in Any Metal 


As one of the largest suppliers of welded 

alloy tubing to the process industries, we are 

called upon to custom-fabricate tube assemblies 

for every imaginable purpose. Pictured at the 
right are some typical examples. We offer you 

a wealth of experienced engineering assistance and 
production know-how. Send your blue prints 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
% wv OFFICES IN PRINCIPAL CITIES 
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This modern plant manned by experienced person- 


nel assures your getting dependable pipe bending 


and pipe fabricating service when promised. 


39 VEARS EXPERIENCE SERVING LEADING COMPANIES... 4 hep 


rexas PIPE BENDING coma 


* . 
PIPE BENDS RP OFFICE AND PLANT 
PIPE COILS y 301 FRIO STREET 


WELDED HEADERS HOUSTON TEXAS WOOODCREST .6- 2659 












































View at left shows 
tower tanks fabricated 
and erected by Graver. 


Sexuéce... FROM START TO FINISH 


(‘losely identified with the expansion and modernization programs of the petroleum and process 
3 ) 


industries, the Graver Construction Co. offers a comprehensive service that covers all phases of 
practically any type or size of project. It starts with engineering and planning and carries through 
material procurement to finished erection. Complete Graver equipment and experienced personnel 
are ready at strategic locations to start your job. Whether it’s maintenance and repair, expansion 


or modernization of existing equipment, or installation of new facilities .. . call Graver now. 


GRAVER CONSTRUCTION CO. 


424 Madison Avenue, New York 17, New York 
ENGINEERING DEPT.: 880 BERGEN AVENUE, JERSEY CITY, NEW JERSEY HOUSTON 
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EXHAUST 
PASSAGE 


REVERSING 
CHAMBER 





AMPLE CLEARANCES 
FOR DEPENDABILITY 


Large blade and rim clearances and extra 
large side clearance—one inch — help 
make Terry One-piece Wheel Turbines 
highly dependable in operation. 


The blades cannot foul because of the pro- 
tection afforded by the rims, which are not 
damaged, should rubbing occur. 


Note the rim clearance, AA in diagram. 
Also the large blade clearance, B. Side 
clearance, CC, is so large that end-play 
from external thrust cannot damage wheel. 


Terry Bulletin S-116 will give you full in- 
formation on the Terry Wheel Turbine. A 
request on your business letterhead will 
bring you a copy. 


THE TERRY STEAM 
TURBINE COMPANY 


TERRY SQUARE, HARTFORD,CONN. . 
—— 








It’s easier to rotate 
a lubricated plug 
than to force a wedge 


Nordstrom valve action gives a velvet glide 


to the ever-seated plug. The valve opens 





easily; it closes securely. ‘‘Sealdport”’ lubri- 
cation replaces manual effort 

















Important! 
USE THE CORRECT VALVE LUBRICANT 


Your Nordstrom valves will give the best 
service and performance by use of genuine 
Nordcoseal lubricants. They are com- 
pounded, tested and perfected to meet spe- 
cific service requirements. 


Use only genuine Nordcoseal lubricants 











Prevent costly shutdowns 
due to valve failures 


KEEP UPKEEP DOWN 


Use only genuine 


—SPECIFY NORDSTROMS Nerdeosee! Ivbricont 


NORDSTROM VALVE DIVISION 


Rockwell Manufacturing Co 
400 N. Lexington Ave., Pittsburgh 8, Pa 


LUBRICATED VALVES 








te 


Take the case of . . . periodic inspection of hot oil lines. Sounds simple, 
doesn't it? Apparently not much of a problem there. Yet the periodic 
removal of insulation can be mighty costly and time-consuming unless 
material is applied that lends itself to frequent handling. What's more, 
repeated removal lowers the efficiency of ordinary insulations and very 
often necessitates replacement. 

So .. . we have a suggestion. Apply a combination of Super and 
Standard Unibestos in single layer construction. 

And here’s why: 1. Unibestos is made in time- and labor-saving single layer construction. 
2. Unibestos, easy to remove, can be set aside during pipe inspection, 
then just as easily reapplied . . . with no loss of efficiency. 

3. Unibestos has high structural strength. With ordinary handling care, 
breakage is exceptionally low. 

4. Unibestos is physically and chemically stable . . . Resists deterioratior. 
at high temperatures. 

5. Unibestos in the original application is a money saver, too. Its one-layer 
construction is easy to cut, fit, strip and apply. Assures substantial savings 


in application costs. 


e 
unibestos is recommended for temperatures up to 


1200° F. No. 750 is suitable for temperatures up to 750° F. 
No. 1200 or Combination are recommended for temperatures 


up to 1200° F. These temperature ranges permit the use of one 
material at maximum efficiency for a wide variety of purposes. 
Unibestos is available in half sections up to 30” pipe diameter 
in quadrants up to 60” diameter, and in cylindrical form where 
specified. No. 750, No. 1200, and Combination are all furnished 
in single layer construction, but are also available in double layer 
construction to provide for expansion in piping, where required. 


UNION ASBESTOS & RUBBER CO. 
1823 South 54th Avenue 
UNION ASBESTOS Cicero 50, Illinois 
Gentl : 
& RUBBER C0. eatnanal illustrated folder showing sizes, prices, conductivity curves 


General Offices: 1821 S. 54th Ave. and technical information to 


Cicero 50, Illinois 
New York . . . San Francisco 
Paterson, N. J... . McGregor, Texas Address 





Company 


 — 
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assures perfect alignment 
with the driven machine... 


Thermal expansion can't throw a De Laval CA 


Turbine out of line with the driven machine. The 





body of the turbine is supported at the exact cen- 


Before you buy a turbine, be sure and get ter line to allow for radial expansion. The front 
complete information on these additional J : 
Be Level features: end is mounted on a flexible channel to allow for 

1, A ch 
2. Balanced double-se i honnet-type gov- 
ernor valves for« ontrol of steam flow. pansion can take place under extreme tempera- 
3. Positive er-spee rotection entirely , sy . > . 
ate f ig r for tures without disturbing the shaft center line. 


axial expansion. Thus, both radial and axial ex- 


This is but one of the many features that assure 
trouble-free operation with the new De Laval 


tb Class CA Turbine under all operating conditions 
plit horizontally 


moval and in with initial steam conditions up to 600 psi, 750 F. 


rings and 


! 
i 
| 
Send for Catalog . i 
4202-23-T ; 

i 

' 











DE LAVAL STEAM TURBINE COMPANY, TRENTON 2, N. J. 


TURBINES . HELICAL GEAR . SENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMI * WORM GEAR SPEED RED(t ER . IM OIL PUMPS 





Relief Valves on gaso- 
line storage tanks. 


Consolidated Safety > 


Consolidated Safety 
Relief Valves on pro- 
pane and butane stor- 
age tanks 


vW 


Safety plus 
Performance 


“VONSOLIDATED SAFETY RELIEF VALVFS incorpo- 





A rate extra safeguards available in no other 
valve. The fixed capacity of these valves is built in, 
is not dependent upon the position of multiple and 
adjustable blow-down rings. A single adjustment 
controls blow-down only—-without disturbing lift 
or secondary annular orifice areas. 

Outside bevel seat and floating guide construc- 
tion eliminate leakage under discharge piping 
stresses. Maximum tightness in all conditions of 
operation is assured 

With 25% fewer parts than ordinary valves and 
simplicity of design, maintenance is reduced and 
standardization problems minimized. 

When you specify Consolidated Safety Relief 
Valves, you are assured of safety plus continued 


performance at rated capacity. 


4 Consolidated Safety 
Relief Valves on main 
scrubber. 


CONSOLIDATED iicr VALVES 


cA Product of 
MANNING, MAXWELL & MOORE, INC. 
TULSA, OKLAHOMA 
Makers of ‘Consolidated’ Safety and Relief Valves, ‘American’ Industrial and ‘Microsen’ Electrical Instruments, ‘Hancock 


Valves, ‘Ashcroft’ Gauges. Builders of ‘Shaw-Box’ Cranes, ‘Budgit’ and ‘Load Lifter’ Hoists, and other lifting specialties 


MAXWELL 
e 
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the 


LONGEST-LASTING 





LOWEST-PRICED 





LUBRICATED PLUG VALVES 


IN THEIR CLASS 


& de 


HOMESTEAD-REISER 


odk Seald LUBRICATED PLUG VALVES 


/ WOW THE | 


“SELF-SEALD” | 


PRINCIPLE 


| 


In both screwed and flanged types, Homestead-Reiser Valves are 
the lowest-priced, full-port-area valves in the 200 lb. oil-water-gas, 


150 |b. steam working pressure class. 


They provide: 


®@ 100% area of standard pipe 
® 100% lubricant seal around ports 


® Patented "'Self-Seald” Principle with automatic adjustment 
for wear 


® Single lubricant for wide variety of applications 
@ Extreme economy of lubricant 
We designed and built Homestead-Reiser Valves to outlast all 
r lubricated plug valves in their class. Their ability to do so, 
heir superior performance in service, have been established 


n practically every industry during the past seven years. 


HOMESTEAD VALVE MANUFACTURING CO. 


“Serving Since 1892”’ 
P.O. BOX 16 CORAOPOLIS, PA 
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MADE-TO-ORDER 
UNITS 


for Petroleum and 
Chemical Processes 


\ ZN Zbd 


SZ 


VAN 


If you are a prospective purchaser of any 
such units, you will profit by consulting 
with Sun Ship. Here you have the benefit of 
long experience, exceptional skills and 
unlimited facilities. These facilities include 


our favorable location, because of which 


ae WORGs 


a 


' 
we can ship by water all units too large to 


be transported by rail... Also, the Sun 





7 


reputation for building, reconditioning or 


repairing tankers and cargo vessels war- 


rants your consideration when planning 
the overhauling or expansion of seagoing 


transport equipment. 





ww, 
- 


i _ 
LIL 
SHIPBUILDING & DRY DOCK 
(SINCE 1916) 
ON THE DELAWARE « CHESTER, PA. 
25 BROADWAY «+ NEW YORK CITY 
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The problem was “special” 
but the solution came ‘out of stock” 


Tons of heater drain piping in the 
turbine room of the new Southwark 
station of the Philadelphia Electric 
Company had to be supported some- 
how. It had to be flexibly supported 
because of the travel between its “hot” 
and “cold” positions. The ceiling was 
sixty feet up so OV erhead suspension 
was out. Could it be supported from 
the floor? The problem had already 
been anticipated by Grinnell with 
their Pre-Engineered Spring Hanger 
fig. B268: type F, described in the new 
Grinnell Pipe Hanger Catalog 10D. 
This hanger is available in 14 sizes 
with a range of load capacities from 


74 to 4800 Ibs 





Plenty of other piping support prob- 
lems are pre-solved economically for 
you in this combination catalog and 
manual with ready-to-install hang- 
ers and supports all available from 
conveniently located Grinnell ware- 
houses. Why not write today for your 
copy of Catalog 10D 


YEA 
a? as 


fam GRINNELL 


iw’ r rs y Provide 2 ‘ 2 e t " 
G ° fa r r * ° Cranston * Fresmo * Kansas City * Houston 


Long Beach * Los Angeles * Milwaukee * M * Ne York . 2 adelphia Sacramente t. Lowis ¢ au! * San Francisco * Seattle * Spokane 





NEW WILSON TUBE SERVICE TEAM 


WILSON STANDARD 
TUBE CLEANERS 


Fit Your Special Needs 


In refineries, every hour counts when equipment 
is “down” for tube cleaning. Fast-acting Wilson 
Tube Cleaners make short work of the toughest 
deposits . . . turn costly down-time into profitable 
production time. 


The Wilson “EP” Series Air Motor has extra 
power that permits faster cutting action to remove 
hard, heavy deposits in a hurry. Size-for-size, the 
Wilson “EP” can develop up to 40% more power 
than ordinary motors. With these motors, refin- 
eries use the Wilson Model R Cutter Head. Its 
renewable cutter pin bearings save equipment dol- 
lars. These bearings are reversible all interchange- 
able, too. Since the cutter pins revolve freely, there 
is less surface wear, less friction, making possible 
higher cutting speeds. 


WRITE FOR COMPLETE DETAILS 


WILSON-DUDGEON 
TUBE EXPANDERS 


Insure Firm Seating of Tubes 


Now Wilson offers a complete line of precision- 
made Wilson-Dudgeon Tube Expanders for every 
tube rolling need. Models 41 and 44, for example, 
are widely used by refineries and chemical plants 
for rolling condenser and heat exchanger tubes. 
These expanders incorporate a new, improved, 
adjustable ball bearing thrust collar which in- 
creases production. Tapered rolls, conforming to 
mandrel taper, assure uniform diameter through- 
out the rolled section of the tube. The front ends of 
the rolls are bullet-nosed to prevent forming of 
sharp shoulders inside the tubes. What’s more, 
Wilson-Dudgeon Tube Expanders are made of 
the highest quality steel, heat-treated for longest 
possible service life. The result . . . smooth, effi- 
cient rolling that insures firm seating for the tube. 


BULLETIN 420 
Gives full data on 
WILSON-DUDGEON 
TUBE EXPANDERS 
MODELS 41 AND 44 
Send for Your 
Free Copy Today 


Fae | 
ae =| 





WILSON TUBE CLEANERS . WILSON-DUDGEON TUBE EXPANDERS 


THOMAS C. WILSON, INC. + 21-11 44TH AVENUE - LONG ISLAND CITY 1,N. Y.- CABLE ‘‘TUBECLEAN'’, NEW YORK 
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FITTINGS 
for 
L.P.G. 
STORAGE 


i | 


hi ji 
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Years ago the major refiners and marketers of petro- 
leum products came to recognize S.&J. fittings for 
low pressure storage vessels as the leaders in the in- 
dustry. Through continued research and development 
and close cooperation with the petroleum industry, 
we proudly maintain a reputation for quality fittings, 
not only for low pressure vessels but for high pressure 
storage as well. S.&J. engineering parallels develop- 
ments in the petroleum industry, and now that L.P.G. 
is progressing in giant strides, $.&J. offers quality 
fittings for the safe starage, transfer, and measure- 
ment of Liquefied Petroleum Gases. Your inquiries 
are solicited. 


SHAND & JURS CO. 


BERKELEY, CALIFORNIA 
NEW YORK CHICAGO HOUSTON LOS ANGELES SEATTLE 


SHAND & JURS 











The Rockwood Ball Type Valve has al- 
ready made, in various types of industries, 
an outstanding record for longer, depend- 
able, efficient performance. 

Three chief reasons for the amazing 
Rockwood Valve record is the leak proof 
service, full round flow, and quick opening 
and closing. These remarkable engineering 
features will give efficient and economical 
operation through years of everyday use. 
Together, they help increase your profits and 
reduce your maintenance cost. 

It’s time now to buy Rockwood Ball Type 
Valves. Distributors in all principal cities. 
Rockwood Valves are available in bronze 
from 2" to 2” for 300 p.s.i. working pres- 
sure. They are recommended for use on lines 
handling water, air, gas, petroleums, food, 
carbon dioxide, nitrogen and other gases, 
paraffin and asphalt base petroleums, also 
alcohol, paper fluids and many other types 
of liquids and gases. 

WRITE TODAY FOR BULLETIN V-4 


ROCKWOOD 


BALL TYPE 
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LEAK PROOF SERVICE! Pressure of 
fluid stream automatically positions 
floating ball shut-off against new 
resilient synthetic rubber seat to form 
a tight-seal — stays tight! 


FULL ROUND FLOW! Round opening 
in hard chromium plated floating ball 
allows fluid stream to pass thru valve 
without creating turbulence — friction 
loss is reduced to a minimum. 


VA 


QUICK OPENING AND CLOSING! 
By a quarter turn (%) movement of 
handle, valve is easily opened and 
closed under full pressure. Design of 
handle allows valve to be installed 
in any position. 


cole 4G) feoleolom-) 1 41, 1.484 mee 
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FINE CHEMICALS 





I Look for 
SELECTION 


( B&A offers over 1,000 reagents 
and fine chemicals ) 











| Look for 
PURITY 


(B&A Reagents always meet or 
exceed A.C.S. specifications) 








| Look for 
PROMPT DELIVERY 


(B&A has distributing stations in key cities 
from coast to coast) 











For over two generations, B&A Reagents 
have had the reputation of “setting the pace 
in chemical purity.” These quality chemi- 
cals always meet or exceed exacting A.C.S. 
specifications. For the best, be sure to 
“specify B&A.” 

When ordering, you will find the B&A 
Products Book an invaluable guide. It fea- 
tures over 1,000 purity products of Re- 
agent, A.C.S., C.P., U.S.P., and Technical 
grades; it tells how you can save time, 


you Priffy BsA Keagenté 


effort and money when you obtain your 
laboratory chemical requirements from 
this one dependable source. Free copies 
available from nearest office listed below. 

Remember too, that extensive stocks of 
B&A Reagents are carried at Baker & 
Adamson’s nationwide chain of distribut- 
ing stations. The station nearest you can 
build its stock to supply your special day- 
to-day requirements. Take advantage of its 


services now! 


BAKER & ADAMSON Aegon 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL 





Offices: Albany® * Acianta © Bal 


& DYE CORPORATION 
ee eae eerw fees ween ae Te CE eS CT! 
* 8B iham® * Boston® * Bridgeport® * Buffalo* * Charlowe® 


Chicago* © Cleveland* ©* Denver* © Detroit* * Houston® ©* KansasCity © Los Angeles* © Minneapolis 
New York® * Philadelphia® © Pictsburgh® * Portland (Ore.) © Providence* © St. Louis* © San Francisco® 
Seattle * Wenatchee (Wash.) © Yakima (Wash.) 

In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited + Montreal* + Toronto* « Vancouver* 


THE PACE iN 


CHEMICAL 


PURITY SINCE 1882 


* Complete stocks are carried here,. 
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® VALVES 
@ PIPE FITTINGS 














Walworth Walworth Walworth 
Stee! Gate Valve tron Body Gate Valve “500 Brinell” Bronze Globe Valve 





SINCE THE BEGINNING OF THE 
PETROLEUM INDUSTRY Walworth 


has been supplying producers and refiners 
with the quality products they demand... 


The petroleum industry knows that years of engineering experi- 
ence and development are back of all Walworth Valves and 
Pipe Fittings. Quality of workmanship, design and material are 
combined in every Walworth product to assure long years of 
trouble-free service. 

The valves and fittings shown here are typical of Walworth’s 
complete line of steel, iron, bronze, and special alloy valves 
and fittings. 

You can get all the facts about the complete Walworth line 
in the 600 page Catalog 47. Write for a copy. 


WALWORTH 


valves and fittings 
60 EAST 42nd STREET, NEW YORK 17, N. ¥. 


Walworth 
tron Body Saddle Gate Valve 





Cast Stee! Flanged Fittings 
| 
DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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UAV TNANGE 
HIN RY 
ARE 
LOWER 


when you have 


CUSHIONED 
CLOSING 


Cross-section of the Chapman Tilting Disc 
re a 
bolonced disc is supported on the pivot, 
with orrows showing the trovel of the disc 
A feature of the design is thot the disc 
seat lifts away from the body seat when 
opening, and drops into contact when 
closing, with no sliding or wearing of the seats. 


of — Cc HAPMAN 


CHECK VALVES 


That's right! Maintenance costs are ower with Chapman 
Check Valves . . lower because the balanced disc works with 
the stream. There's no slamming to cause destructive pipe line 
stresses and increase maintenance costs. Nor is there any 
rubbing on seats .. . the disc closes quickly and quietly with 
no sliding or wearing action. 

Yet that’s only half the story. Head losses are actually 65% 
to 80% lower than for conventional type check valves. And, 
when used on pump discharge lines, substantial power 

savings are possible. 

Why not write today for engineering data and reports 


of tests. 


THE CHAPMAN VALVE MFG. COMPANY ,, 


INDIAN ORCHARD, MASSACHUSETTS 
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WIDEST CAPACI 


FROM A COMPREHENSIVE LINE OF 
VERTICAL AND HORIZONTAL PUMPS 


Peerless offers 2 to 220,000 gallons per minute 


A tapful or a torrent! No matter what 
your water capacity requirements are, 
Peerless can meet your pumping needs. 

Fractional hp horizontals, like the 
Peerless “Fluidyne” pumps handling 
cooling-jacket water in the inset above, 
furnish a few gallons a minute. The huge 
Peerless mixed-flow pumps in the larger 
photo, pump away drainage water at the 
rate of tens of thousands of gallons a 
minute 

Widest capacity range is but one of a 
host of reasons why industries, Munici- 
palities and commercial businesses plan 
with Peerless for all their needs for 
pumps. Here are others 
ALL PRACTICAL HEADS: Lifting water 
from 1000 feet or more is a practical 
accomplishment of Peerless vertical deep 
well pumps. Pumping against heads of 


690 feet is a common task for Peerless 
horizontal centrifugal pumps. 


ALL TYPES OF DRIVE: Electric motor 
right angle gear, engine, belt (V or flat) 
or combinations of the above, are all 
available from Peerless, with pump and 
driver engineered as a unit 

MODERN DESIGN: Peerless pumps are 
designed for top flight performance over 
extended periods of time. And the practi 
cal consideration of ease of maintenance 
and repair is figured in to their functional, 
good looking design. 


NATIONWIDE SERVICE: Peerless sales 
and field service is available in all prin 
cipal U. S. cities and abroad. Plan with 
Peerless for all your pumping needs. 
Individual bulletins on all types of Peer 
less Pumps are available upon request 


PEERLESS PUMP DIVISION 


FOOD MACHINERY AND CHEMICAL CORPORATION 


Los Angeles 31, California 


Indianapolis, Indiana 


District Offices: New York 5, 37 Wa!'! Street; Chicago 40, 4554 N. Broodway 
Atlanta Office: Rutland Bidg., Decatur, Ga.; Omaha, Nebr., 4330 Leavenworth 
Street; Dallos 1, Texas, 3905 Elm Street; Fresno, Calif; Los Angeles 31, Calif 
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AN 


NEW PEERLESS INDIANAPOLIS 
PLANT IS DEVOTED ENTIRELY TO 
PUMP PRODUCTION AND SERVICE 


Here is one of America’s newest 
pump plants—19 acres of mod 
ern manufacturing facilities 
devoted to precision production 
of horizontal and vertical pumps, 
centrally located at Indianapolis 
Plan with Peerless for pumps 
plus fast, complete pump service 





Peerless 


VERTICAL AND HORIZONTAL 


Pumps 











BUY 


Cate HEAT ENDURING CASTINGS 


to 


DEFINITE wz. SPECIFICATIONS 


This Will Assure Uniform Quality and Service 





STANDARD SPECIFICATION NO. 10-38 


Heat Enduring Castings 
For Industrial Furnace Construction 
Grade ‘‘F’’ 
CHEMICAL COMPOSITION: 
(a) The castings shall conform to the following requirements as to chemical composition: 
GRADE “F” 
Chromium, per cent 25.0-28.0 
Nickel, per cent 10.0-12.0 
Manganese, per cent 0.50-1.25 
Silicon, per cent 0.25-1.75 
Sulphur, maximum per cent 0.05 
Phosphorous, maximum per cent 0.05 
Carbon Within limits of Paragroph 4 (c) 
(b) The chemical limits for all other added alloying elements, such as molybdenum, titanium and 
nitrogen, shall be specified by the manufacturer. The material shall conform therewith 


CREEP STRESS AND CERTIFICATE: 
(a) The indicated creep rate of the material shall not exceed 1% in 10,000 hours when stressed by a 
tensile load not less than the following 
STRESS PER SQ. IN 
TEMP. °F 1% CREEP IN 10,000 HOURS 
GRADE “F” 

1400 4200 = 

1500° 3700+ 

1600 3200 = 

1700 2600 + 

1800 1950+ 
(b) Manufacturer shall submit standard creep data and residual physical properties made on material 
of his own manufacture and certified by an ACCREDITED LABORATORY. The chemical analysis of 
the creep test specimens shall be reported, including nitrogen content and any other special alloying 
elements 


TENSION TEST FOR DUCTILITY AFTER HEATING: 


(a) Each heat shall conform to the following requirements as to tensile properties after the specimen 
has been subjected to a temperature of 1400° F. for 24 hours and furnace cooled to 400 F. Test shall 
be made at room tmperature 





GRADE “F” 
Tensile Strength, min.lb./sq.in 80,000 
Yield Strength, min.lb./sq.in 35,000 
Elongation in 2”, min. per cent 90 


Copy of complete specification will be mailed upon request. 


THE CALORIZING COMPANY 


HEAT ENDURING AND CORROSION RESISTING METALS 
CALITE ALLOY CASTINGS — CALORIZED STEELS. 


WILKINSBURG STATION PITTSBURGH 21, PA. 


Petroleum Re finer 





A Companion 
to the Famous WILFLEY 
Sand Pump 


Buy WILFLEY for 
Cost-Saving Performance 


For Acids 


Exclusive Features 
Deliver 


When you want to make substantial savings 
in the cost of handling acids, corrosives, hot liquids 
or mild abrasives, install WILFLEY Acid Pumps 
These famous pumps are proving their efficiency 
every day in the most modern chemical plants in the 
world. They are trouble free—operating without at- 
tention. 10- to 2,000-G.P.M. capacities; 15- to 150-ft 
heads and higher. Individual engineering on every 


application. Write or wire for specific information 


A. R. WILFLEY & SONS, Inc. + DENVER, COLO. U.S.A 
New York Office: 1775 Broadway, New York City 


WILFLEY 4c PUMPS 
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Fig. 3003—Ciass 300 
Pound Cast Stee! Gate 
Valve 


Tapered Solid Wedge is pre- 
cision fitted ond 


guided throughout entire trave/ 


occurotely 


eg 


—wherever crude is being refined, there is a definite 
need for Powell Cast Steel Valves* 


These valves—stock and special designs, made in all required 


sizes and in Classes from 150 to 2500-pounds, inclusive 


conform to 


A.S.A. and A.P.I. Standards. They can be furnished with anti-friction 
bearing yoke for easier hand operation, or with gears, electric or air 


motor operators. 


In addition to Standard Cast Steel and Special Cast Steel Valves, the 
Powell Line includes all types of Bronze and Iron Valves, as well as 
Corrosion-Resistant Valves that are available in the largest selection 
of metals and alloys ever offered to Industry. 


So, no matter what your flow con- 
trol requirements may be—whether 
for handling high pressures, high 
temperatures, water, oil, gas, low 
pressure steam or for corrosion 
service—-there are Powell Valves 
to meet them. When sending for 
details mention the kind of valves 
in which you are interested. 


The Wm. Powell Co. 


Dependable Valves Since 1845 
Cincinnati 22, Ohio 


Distributors and Stocks in 
All Principal Cities 


* Valves can be made of various alloy 

steels, including corrosion-resisting and 
heat-resisting alloy steels. They ore de- 
signed and built to handle the constantly 
increasing temperatures and pressures os 
well as the highly corrosive and erosive 
fluids encountered in the chemical and proc- 
to handle hydrogen chio- 
ride in isomerization and diisopropyl plants; 
hydrofluoric acid, sulphuric acid ond 
sodium hydroxide in alkylation plants; for 
liquid and solid catalytic cracking; hydro- 


ess industries 


genation, dehydrogenation, hydroforming, 
polymerization, the regeneration of cata- 
lysts; for controlling flue gases and hydro 
carbons in transfer lines, and for the han- 
ling of sour crudes. 
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One Refractory Material That Do 
the Job of Two! NEST eae 


. A. P. GREEN KAST-O-LITE=> 


KAST-O-LITE Lines 
and /nsulates 


Oil Heaters and Stills 


Fles's a double-duty insulating castable that will save 
you money—KAST-O-LITE. It combines lightweight and 
insulating properties with all the advantages of regular cast- 
able refractories into a single material. With KAST-O-LITE, 
a lining can be easily and economically obtained that will 
have the refractory and insulating qualities of linings ordi- 
narily requiring the use of two or more materials. 





KAST-O-LITE results in a refractory lining that: 


F Eliminates all special shapes. All door and tube 
* openings are formed to exact specifications—by the 
use of KAST-O-LITE such installation work is sim- 
plified. It is readily adaptable to any special contour. 


p 7 Provides a monolithic lining having high insulating 
qualities. Designed to withstand temperatures up to 
2500° F. and may be used in direct contact with the 
flame up to that temperature. 


3 Can be placed by the use of forms or can be precast 
* in panel construction. Panels in any restricted areas 
such as the sloping section shown in the unit illus- 
trated can be lined before being assembled in place, 
lowering erection costs. 


Shipped in 50 and 100 lb. waterproof bags. Ask for complete 
information and specifications. 


A. P. GREEN FIRE BRICK COMPANY KAST-O-LITE is used for lining oil stills of this type. It 


forms a complete lightweight monolithic lining for these 


MEXICO, MISSOURI, U.S.A. circular steel cased units and eliminates the use of costly 


A. P. Green Fire Brick Co., Ltd. in Canada special refractory tile shapes that normally have to be 
backed up with insulation 


Distributors in the Principal Cities of the World 





of > Green 
REFRACTORY CEMENT GUN APPLICATION of Castable No. 20 SK-7 and Kast-Set KS-4 


The accepted castables for lining catalytic regenerators, heaters and stacks are CASTABLE No. 20 SK-7 and KAST-SET 
KS-4, specially prepared for cement gun application. For detailed information concerning these castable refractories, 
write the Engineering Department of the A. P. Green Fire Brick Company—or call your local A. P. Green Distributor 
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NOT THE PRICES! 


| Posey is Equipped fo Do the 


Complete Job ee . from (1) Design 


\ to (2) Fabrication to (3) Erection 


Posey Iron believes that there’s no need 
to elevate prices on elevated tanks. Posey 
long ago adopted its own inflation resis- 
tance program .. . has never raised prices 
simply to follow the “trend”. Instead, 
Posey engineers bear down to eliminate 
cost-padding frills and unnecessary steps 
of construction . . . overlook nothing that 
will permit estimates that are low for 
workmanship of high integrity. 


Posey tanks are welded steel through- 
out... with no rivets where corrosion 
might gain a foothold. With interior sur- 
faces as smooth and curved as those of a 
fine ball bearing, Posey Tanks are leak- 
free . . . corrosion resistant. 





Let us know your conditions and we 


may be able to show you how Posey elevated storage tanks can increase capacity ... aid 
production , , . reduce maintenance . . . and perhaps eliminate expensive equipment. 


Write today. No obligation. 


POSEY IRON WORKS, INC. 


formerly LANCASTER IRON WORKS, INC. 
LANCASTER, PA., U.S.A. 
TANKS . TEES 
WROUGHT IRON, STEEL ELBOWS 


AND ALLOY STEEL PIPE AUTOCLAVES 
O. D. PIPE STEEL PLATE CONSTRUCTION 
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PRESSURE COVER FOR INSULATION 
COMPENSATOR ELECTRICAL 
CONNECTIONS 


STORAGE TANK 


HOUSING FOR 
BRIDGE CIRCUIT 


CELL BLOCK 


MAGNET 


SATURATOR 
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HANDLE FOR CASE 
MOVING MAGNET HEATING ELEMENT 


Particularly in connection with catalyst regenerators, this 
Oxygen Meter has been tested and proved in service to measure oxygen 
with sustained accuracy and dependability. 


Operates on an entirely new principle based on the paramagnetic 
property of oxygen. No combustion required no fuel has to be 
added. Temperature of gas analyzing cell is too low to support 
combustion, which is a strong safety feature. 


One large refinery superintendent says, ‘After testing several 
oxygen meters, we find the Hays meter to be operating on the 
best principle. We like its simplicity, its design, its method of 
operation, and its rugged construction.” 

The interesting story of the Hays 

Oxygen Meter, including 

the electronic type 

recorder, is told in 


meee The JAYS CORPORATION 


MICHIGAN CITY. INDIANA, USA 
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OUTSIDE AND 
INSIDE, TOO...IT’S 


K & Mi 


‘Contwy” APAC 


In this new building of the Unistrut Corporation, Wayne, Mich., “Century” 
APAC asbestos-cement sheets were used both for siding and interior walls . . . 


where they can be counted on for a long life-time of dependable service. 


“Century” APAC is the ideal material for industrial buildings of many kinds. . . 
both in new construction and remodeling. It is economical to use... easy to 
handle and apply, so goes up fast. It requires no protective paint, and mainte- 


nance is at a minimum. In fact, APAC actually grows tougher with age. 


In addition to its use as siding and interior walls, APAC is extensively used for 
ceilings, office paneling, partitions, sheathing in machine shops and stock rooms, 


elevator shaft casings, storage bins and other flat surface applications. 


Being made of asbestos and cement, APAC is fire resistant and proof against 
weather, rust, corrosion, rot, rodents and termites. It can be applied over 
insulation board, wood studs, selid wood sheathing, steel or wood girts. APAC 
is furnished in thicknesses of 34". 54" and 39”. Standard size sheet is 1 x 8’. 


but cutting to size is simple—just score and snap off. 


Write for name of nearest distributor and further particulars. Your inquiry will 


receive prompt attention. 


e Value maze cdhstestos ..+ Kheashey & Mattison has made it serve mankind since 1873 


KREASBEY & MATTISON 


COMPANY + AMBLER + PENNSYLVANIA 
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Some special services of 


Hagan Ring Balance Dual Meters 


The Ring Balance principle, as developed in 
Hagan Meters, has many applications other than 
measurement of flows. Any quantity which can be 
converted into a pressure differential can be 
measured by one of these meters. Typical of such 
measurements are liquid specific gravity, gas 
density, and liquid level. 

Hagan Ring Balance Dual meters are fre- 
quently employed to measure flow in combination 
with some other quantity, recording both meas- 
urements on a single chart. 

Hagan Dual meters are in use in a number of 
plants for such services as these: 

Independent measurement and recording of 
flow and specific gravity, in processes where 
the two are related and a record of the rela- 
tionship is desired. 

To measure net volume of one constituent in 
a flowing simple solution in which the spe- 
cific gravity is a function of the proportion 
of the mixture. 

Direct measurement of B.t.u. content of a 
gas flow, when B.t.u. value is related to gas 
density. 

Measurement of liquid level corrected for 
the net density of the liquid under high 
pressure. 

Automatic compensation for temperature or 
pressure or both may be provided. Corrected flow 
may be automatically totalized by means of a 
built-in integrator. 


HAGAN CORPORATION 


RING BALANCE FLOW AND PRESSURE INSTRUMENTS 
ThHruslona FORCE MEASURING DEVICES 
BOILER COMBUSTION CONTROL SYSTEMS 

METALLURGICAL FURNACE CONTROL SYSTEMS 


For detailed information concerning these 
or other applications of Hagan Ring Balance 
Meters, fill in the coupon below or write to Hagan 
Corporation, Hagan Building, Pittsburgh 30, Pa. 


Hagan Ring Balance meter used to measure flow and spe- 
cific gravity. Flow, corrected for specific gravity, is re 
corded and automatically totalized. Specific gravity is also 
recorded. On meters of this type, record of uncorrected 
flow can be added if desired. 


Hagan Corporation 
Hagan Building 
323 Fourth Avenue 
Pittsburgh 30, Pa. 


Please send me further information on Hagan Ring 


| 
| 
| 
[ 
| 
| Balance Meters. I am particularly interested in 
| 
| 
| 
| 
| 
| 
| 


Visit the Fourth National Instrument Exhibit, Municipal Auditorium, St. Louis, Missouri, September 12-16, 1949. 
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More OEM's Specify US Gauge 
Than Any Other Make! ( 


Original Equipment Manufacturers 


..- Because USG Assures More Value 





Throughout industry, the story is the same 
from year to year. Original equipment 
manufacturers (OEM's) demand substantial 
gauge value ... accuracy, durability, and 
quality at economy prices . . . and 6 out of 10 
specify US Gauges. 

They know that US Instruments give more 
service, more accuracy, more value for the 
money. They know USG can supply all their 
needs—-from highly specialized instruments 
measuring as low as 1” of mercury absolute, 
to standard type gauges measuring from 30” 
vacuum to 100,000 pounds pressure per square 
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inch. And they know that for more than 40 
years US Gauges have been the standard of 


For installat 


heating system 
water tempore 


dependability. So more original equipment 
manufacturers specify US Gauges than any 
other make. 

Next time you order gauges, follow the lead 
of these satisfied users ... buy US Gauges. 
For more information about US Gauge write 
today. United States Gauge, Division of 
American Machine and Metals, Inc., 
Sellersville, Penna. 
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US GAUGES—BETTER INSIDE...BETTER 
OUTSIDE ...BETTER ON YOUR PRODUCT 
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PRODUCTS OF UNITED STATES GAUGE 
Volume Controls + Altitude Gauges + Boiler Gouges « 
Thermometers + 


Absolute Pressure Gauges « Aircraft Instruments + Air 
Chemical Gauges + Dial Thermometers + Glass Tube 
Inspectors’ Test Gauges «+ Laboratory Standard Test Gauges + Marine, Ship 
ond Air-Broke Gauges + Recorders + Controls and Alarm Gauges + Voltmeters + Ammeters «+ Welding Gauges 


Flow Meters « 





Petroleun 


Re finer 








FOR PRECISION PROCESSING THE SUREST STEP IS 


PRECISION FAB 





Flawless construction that insures 
flawless performance through “Plus Factors” 


Middle gauge or heavy “PLUS FACTORS?” you might ask. Those are the things that count so 
plate welded construction 
— carbon, alloy or clad 
steels — Fractionating or specifications. These plus factors are Nooter’s 54 years of 
towers and pressure 
vessels — Stress relieving specialized experience combined with extensive facilities. They are 
and hydrostatic testing. 
Nooter welding the important reasons why every type of pressure or heat transfer 
techniques embody every : : _ int to the fit- 
phase of APL-ASHE equipment is entrusted to Nooter — from the blue print to the fit-up. 
code procedures. To be sure of performance, be sure of fabrication — get in 


much in Nooter fabrication .. . not called for in your blue prints 


touch with Nooter. 
Send for Nooter Catalog with Corrosion Data Tables. 


JOHN NOOTER BOILER WORKS CO. « 1404 South Second St. « St. Louis 4, Mo. 
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MIDGET vet o Bax 
Accurate 


THERMOMETER '  DEW-POINT 
Flat Bore Mercury Filled TESTER 


Engraved Stem 


Recommended for installation on oil, gasoline 
and water lines; tanks, stills or any place requir- 
ing a small armored thermometer and where 
large industrial thermometers are not conven- 
iently applicable. Gives 50% Better Visibility 

STRAIGHT OR ANGLE STEMS pe phage se Ae 


der high pressure. Particularly 
adapted for research and indus- 
trial procedures involving the 


Special Sizes and Ranges made to your specifi- determination of dew-points of 
gases 


cations and requirements. 


Four Temperature Ranges Available 

















Determines dew-point of gases 
under conditions of pressure as they are found to exist. Designed 


Write for primarily for use in connection with high pressure gas transmission 
lines. Standard Range 0 to 600 p.s.i. High Pressure Range 0 to 
ve 





1-O-BAK Bulletin 2,500 p.s.i 











Write for Catalog 30-B—Complete Line of Scientific Laboratory Equipment 


THE REFINERY SUPPLY CO. 


Main Office and Plant 
621 E. 4th Street TULSA 3, OKLAHOMA Ph. 4-8144, L.D. 581 
— Houston Office Temporarily Discontinued — 


= Guaranteed bu 


fa dewaxing filters 











Low Installed Cost 
Low Maintenance Cost 
Maximum Time on Stream 


@ Complete information on reques! 


GOSLIN-BIRMINGHAM 
MANUFACTURING CO., INC. 


BIRMINGHAM. ALABAMA 


¢ 








How ‘safety-circle driving cuts down accidents 


“Know your safety-circle!” is an important 
lesson taught Standard of California driv- 
ers...and perhaps it can be helpful to you. 


Your safety-circle is the distance you 
need to meet an emergency situation—a 
car stopping suddenly ahead, for example. 
Our drivers get a special test which tells 
them exactly how fast they react, but in 
general, it takes the average person a full 
second to see a hazard, think what to do 
and act. So, driving on a clear road, at 30 
miles an hour, you should stay at least 7 
car lengths behind the car ahead; when 
you drive 45 miles an hour, stay behind 
13 car lengths. 

More than 5,000 Standard drivers have 
studied this and many other safety princi- 
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ples in our Driver Training Program, 
besides passing thorough visual examina- 
tions. Last year, they drove 41 million 
miles with an accident rate 60% lower 
than the national trucking fleet average. 


Pi ae 


s 
TANDARD On COMPANy 
OF CALIFORNIA 


Plans ahead 10 serve you het. 








we take your order 


eeeand ship it 


quicker 


as we Fill your order from well balanced stocks maintained in each 





of our stores, and as each of our store managers ha$ the 


authority to operate as an individual store. 





FOR DEPENDABLE SERVICE CALL THE NORVELL-WILDER MAN 


SAVES yoy yaLYABLE TIME ON ALL ORDERS AND FORESTALLS TROUBLE IN AN EMERGENcy 
a ae”) ee ae ae a Fai oo 


BEAUMONT HOUSTON SHREVEPORT FORT WORTH LAKE CHARLES CONROE ODESSA CORPUS CHRISTI 





“A Cottrell Installed by Research Corporation 


will reduce catalyst loss 


to less than one ton per day” 


The through-put capacity of the cracking unit in the 
oil refinery was 20,000 barrels per day. The engineer 
from Research Corporation noted the plant arrange- 
ment and type of catalyst to be used and was able to 
recommend a Research Corporation Cottrell that would 
keep catalyst losses to less than one ton per day. Actu- 
ally in some plants the Cottrells have, in effecting the 
above results, recovered as high as 50 to 100 tons of 
catalyst per day. 


Performance like this is the result of over 35 years of 
experience combined with careful engineering ap- 
praisal, attention to details and a remarkably efficient 
method. These, combined with equipment which gives 
recoveries of over 99%, are responsible for outstand- 
ing records of recovery. 


A letter from you to the Research Corporation will 
bring an informative bulletin describing HOW the 
Research Corporation Cottrell Electrical Precipitator 
performs, and HOW it can bring about important 
savings. Write for your copy today. nc-107 
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Research Corporation Installations 


47 CARBON BLACK PLANTS 
200 METALLURGICAL INSTALLATIONS 
203 ACID PLANTS * 34 PAPER MILLS 
262 DETARRING INSTALLATIONS 
195 POWER STATIONS 
71 STEEL PLANTS * 95 OIL REFINERIES 
AND MISCELLANEOUS INSTALLATIONS 








RESEARCH 
CORPORATION 


405 Lexington Avenue, New York 17, N. Y. 
122 South Michigan Avenue, Chicago 3, Illinois 
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THINGS YOU CAN’T CALCULATE 
ON YOUR SLIDE RULE 





o— 





|» 


OTHER ) 
GENERAL AMERICAN 


EQUIPMENT 


TANKS 
WATER 
GASOLINE 
ACID 
PROPANE 
BUTANE 
CHLORINE 
BLENDING 
MIXING 
CRUDE 


TOWERS 
ABSORBER 
BUBBLE 
FLASH 
VACUUM 
FRACTIONATING 


PRESSURE 
DEWAXING FILTERS 


s 
TURBO - TREATER 
EEL PLATE FABRICATION 





WIGGINS ROOFS 





Engineering problems solved in the laboratory are problems no 
longer — yet in steel and alloy plate fabrication there are factors 
where the right answers yield more readily to common sense than 
to the slide rule. 


The integration of planning, design, fabrication and erection into 
one responsibility—the full utilization of laboratory and X-ray equip- 
ment—the desire to maintain an established reputation painstakingly 
built up over the years—the “know how” born of operating the 
world’s largest privately owned tank car lines—all of these things 


are considerations you can’t possibly calculate on your slide rule. 


As a matter of fact, from the very first moment you begin to think 
about steel and alloy plate fabrication, it's common sense to think 
about the General American Plate & Welding Division. 


GENERAL AMERICAN 
TRANSPORTATION CORPORA 


PLATE & WELOING 


Plate & Welding Division msi 
135 SOUTH LA SALLE STREET, CHICAGO 90, ILLINOIS 
WORKS: Sharon, Pa., East Chicago, Ind 


OFFICES: New York, Cleveland, Louisville, Orlando, Pittsburgh, St. Louis, Sharon, 
Washington, D. C. 








takes the 


MYSTERY 


out of 
expansion joint 
selection 


The cloak of mystery is gone —for most services, 
the new 24 page CMH “Design Guide” simplifies 
selection and application of expansion joints to a 
matter of easy-to-use tables. Entering these tables 
with basic data on your installation you can find 
the expansion joints necessary to meet your 
requirements.* 

The CMH “Design Guide” also provides a help- 
ful source of general information on expansion 
control and presents technical data and specifica- 
tions for CMH Expansion Joints. 


Write for a copy of the CMH “Design Guide” and 
on your next job specify CMH Expansion Joints 
and eliminate the headaches that are so often a 
part of selection of this equipment. 


*CMH ENGINEERED APPLICATION SERVICE 
is available for unusual installations. Competent pip- 
ing specialists will analyze your problems and make 
recommendations. 


CMH—ONE dependable source 

for every flexible metal hose requirement ® 
e CMH manufactures al! standard types 

>§ flexible meta hose 


for piping systems: stainless 


CMH Free- Flexing 
Expansion Joint 


CMH Controlled-Flexing 
Expansion Joint 








CMH FREE-FLEXING EXPAN. 
SION JOINTS for pressures to 30 
psi.; temperatures to 1400°F, Sizes to 
24” 1.D. Flanges or welding ends. 
Stainless Steel or Copper. 


CMH CONTROLLED-FLEXING 
EXPANSION JOINTS with preci- 
sion mated control rings for pressures 
to 300 psi.; temperatures to 1400°F. 
Sizes to 24" I.D. Flanges or welding 
ends. Stainless Steel or Copper. 


FOR HIGHER PRESSURES special 
CMH Expansion Joints can be fur- 
nished. Recommendations will be 
made on receipt of installation details. 


CHIC 
C 


SI ING DISS! 


leaders in the Science of Flexonics 
MAYWOOD, ILLINOIS 





Plants at Moywood, Elgin and Rock Falls, Ilinois 
In Conade: Conadian Metal Hose Co., itd., Brampton, Ontario 
FLEXON .... . identifies CMH products which hove served industry for more thon 47 yeors, 
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.Bandwagon rolling for 
OIL PROGRESS WEEK! 





ra 








During the week of October 16th-22nd, your 
community's attention will be focused on 


the oil industry! For that’s the date of Oil Progress 
Week 
progress you and your industry have made. 


the week that gives you a chance to report the 


Last year, Oil Progress Day gave thousands of oil men 
across the country a great chance to tell their story 

and they did, with results that paid off handsomely in 
good will and good business. This year, with an entire 
week devoted to the event, you've got an even greater 
opportunity to explain how your firm is helping to pro- 
vide America with better, more efficient oil products ... 


higher standards of service. 


You’re the One Who Gains! 


You gain when your customers understand the’ com- 
petition in oil—the way you compete with rival com- 
panies to win customer approval. For as the public 
learns what a great job you're doing, they'll understand 
why your business freedom means more oil products, 


better oil products, better service for them! 


Hurry! Get Ready For Your Big Week! 


Get free material to promote Oil Progress Week from 
your local committee office. You can adapt it to fit your 


~ 








needs. Tie in ads...sample speeches ... booklets ... 
motion pictures...employee meeting material... poster 
everything you need to 


designs ... radio material. . 


make Oil Progress Week your week! 


Here’s how you can benefit from 
Oil Progress Week 

During Oil Progress Week get people acquainted with 
your business. That way, your neighbors will get a new 
understanding of the problems you face...an under- 
standing that’s bound to result in more friends for you! 
Tell them about today’s new and better oil products.. 

how hard you've worked to maintain and step up your 
high standards of quality and service—and you create 
good will that pays off for you and your firm in the long 


run! 
Get in touch with your district committee NOW! 


They'll make it easy for you to make the most of Oil 
Progress Week. They'll give you material you can use 
to tie your business in with this big nation-wide report! 
Get in touch with your local O.LLC. office Now, or write 


to national office address listed below. 


OIL INDUSTRY INFORMATION COMMITTEE 
——50 West 50th Street * New York 20, N. Y—— 


Don’t miss this chance to stand out in your 
community! Make Oil Progress Week Your Week! 
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LOYSS= ALVES 


yOve They Can take i'n in [laguna flee 


Niegora Pilot Filter Unit with Aloyco Gate 
Valves of 18-8SMo stainless steel 











‘It is a rare occasion when we have to replace one of the Aloyco 


Stainless Steel Valves,’’ says the Niagara Filter Corporation 


Yet they say: ‘‘The use of Aloyco Valves on these all-stainless 


steel pilot filter stations puts them to quite a severe test, since 
oble nm 18-85, 18 


these units are rented to all types of companies in the chemical, GSmo, Aloyco 2¢ 
: 2 tt and other corrosion 
nclus esistant alioys 
food, fermentation and process industries, and they must with 
stand the corrosive action and varying operating conditions of all 
types of food and chemical liquors. We ourselves often do not 
know what these units are being used for, but judging from the 


reconditioning required occasionally, they get somé pretty rough 
usage 
No company not even yours can afford the expensive luxury 


of frequent valve replacements these days. You can save money 


all along the line by specifying Aloyco Stainless Steel Valves for 


your corrosive fluid pipelines 


ALLOY STEEL PRODUCTS CO., Inc. 


SALES OFFICES. ATLANTA; 
T303 W. ELIZABETH AVE., LINDEN, NEW JERSEY — “ASO: HOUSTON, 10s anceuEs; 


WILMINGTON, DEL. 
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@ EXCERPTS FROM THE R-S BOOK OF EXPERIENCE @ 





’ Be = 2 domracs » Ne. 617. Float Switch Electric 
i Moter Control for slow acting 





. 
® 
- 
* 


, ' i R-S Valve. Hand wheel for 
4 manval eperation on geor re- 
poet duction drive. Extended lever 
tort - for operating sister valve in 

parallel line. 


Automatic Control : 
of Treated Water : Ne. 726. 30:nc 


Valve with 125- 
pound American Standerd flanges, 


In the above installation, float switches control steel diaphragm top and positioner, 
> »e ele . ' are: hand wheel control with deciutching 
the three electric motor operated slow acting pea tees magne neem 


R-S Valves which maintain a constant supply of bearing on operating shaft. 
treated water in the four storage tanks. The result 
is simplified performance, minimum pressure 


drop, unexcelled flow characteristics and reduced “a 
maintenance. 

Similar applications of power operated R-S 

Valves can be equipped with air diaphragm, oil 


or hydraulic cylinders for the control and shut- 








off of a multitude of materials. They are used 

‘ No. 658. 42-inch R-S Heavy Duty “H" 

advantageously to reduce, regulate and shut off Metal 25-peund Valve for high pres- 

pressure whether above or below atmosphere; to sure and flow. Opens or closes com- 
ae pletely in one second requiring 38,000 

control liquid level; to relieve and control back pounds terque. 

pressure; to maintain a constant differential pres- : 

sure; to control rate of flow; to control combus- 

tion, and govern the output of pumps, fans, 


engines and turbines. 


R-S Valves are cision engineere netal- a 
es are precision engineered, metal Ne.755.R-SPipetine 
lurgically and mechanically. Adapted to elevated 








or sub-zero temperatures ... 15 900 psi. 
, ero temperatures 15 to 9 psi pees ener se oneal 


mering in pipe lines 
: : carrying liquids of 
for the address and phone number listed under Sy any nature. No mov- 
img ports .. . easily 
i: installed in any 
direct §s : position. 


R-S PRODUCTS CORPORATION 
Wayne Junction + Philadelphia 44, Pa. 


Consult with your local R-S representative. Look 


“R-S Products Corporation, Valves’ or write 




















Original condition of 
asphalt-coated conduit. 


» All lines functioning 


194 


In 1935 the first Ric-wiL Insulated Pipe Units using 
asphalt-coated Hel-cor conduit as the outer protective 
housing were installed for a large products pipe line 
company, at Minneapolis, Omaha and Des Moines. Each 
of these steam lines consisted of 3” pipe insulated and 
enclosed in 8” conduit of standard 21’ length Ric-wiL 
Units, with return lines laid outside the conduit. 


* perfectly, trouble-free | 


In 1941 a check-up on these Ric-wiL Units under actual 
service conditions was made. Parts of the runs were 
excavated and a careful examination made of the con- 
duit, fittings, etc. The Ric-wiL Units were in practically 
perfect condition, the same as they were when installed, 


HOUSING of strong, shock-proof 16 gauge hot-dip 
galvanized Hel-cor conduit, spirally corrugated. Inside 
bonderized and coated with baked phenolic resin for 
additional protection. 

HIGH TEMPERATURE asphalt coatings reinforced with 
tension wrapping of asphalt-saturated asbestos felt. 
INSULATION of high thermal efficiency—any required 
type or thickness. 

PRESEAL RING of steam-cured insulating cement pro- 
tects units during shipping and installation. 

HEAVY IRON COLLAR provides a firm foundation in 
making full-welded watertight field joints. 


) MINNEAPOLIS "No trouble ...in constant use” 
OMAHA “In good condition and is still serving in its original capacity 
DES MOINES “No trouble... in first class shape” 


Asphalt-coated conduit 
still in perfect condition 


with no perceptible deterioration or other damage. 


In 1949 a further check-up of all three installations was 
made. This investigation, as indicated by the quotations 
from the reports given above, showed all the lines still in 
constant use, functioning satisfactorily and trouble-free. 


In the years since this original installation, in thousands 
of central heating and industrial processing projects, 
Ric-wiL Insulated Pipe Units, constantly improved by 
engineering research and development, have continued 
to prove, through performance, their right to unchal- 
lenged leadership in this field. 


For complete information write for 
Ric-wil. Prefabricated Insulated Pip- 
ing Systems Catalog 480-4. Address: 
The Ric-wil Company, Dept. S-14. 


INSULATED PIPING SYSTEMS 
tHE Ric-wiL COMPANY « CLEVELAND, OHIO 


REPRESENTATIVES |! 


PRINCIPAL CITIES 
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@ Spanning more than three miles of 
lovisiona lowlands, construction of this 
Brown-Bilt” trestle required specialized 
equipment designed to combat the unstabil- 
ity of swampy soil prevalent in Lovisionc 


floodways. Reinforced concrete, set on 


675,500 lineal feet of piling, assured on 
engineered travelway of staunch stability 
@ Acomplete, permanent city set up by @ complete Brown & Root project 
Brown & Root on Guam Island. Constructed fulfilling the maximum requirements of 
to meet rigid governmental requirements. , & 
this community poses every problem of Chent specmeaten 
construction and development. When com- 
pleted, it will stand as an achievement of 
overall planning and co:npe.ent contracting 
covering every phase of the operation 


@ Offshore drilling. Derrick foundation 


@ Shell Oil Company's TXL Gasoline 
constructed by Brown & Root Marine 


Plant near Odessa, Texas. This is a prime 
example of Brown & Root’s flexibility in Operators, Inc., for a drilling operation far 
meeting the demands of a client’s changing 
conditions. The original contract called for 
@ 30,000 mcf gasoline plant. During plant 
construction the mcf was revised to 45,000 towers 237 feet above the floor of the 
Shortly after completion, the throughput turbulent Gulf. It must withstand not only 
demands were raised to 90,000 mcf 
triple the original requirements! Farsighted 
planning by Brown & Root engineers rigors of heavyweight rotary drilling 
allowed continuous plant operation while operation 

this tremendous project was effected 


out in the Gulf of Mexico. “Brown-Bilt” in 


six fathoms of open water, its crown block 


storms of hurricane strength but also the 


BROWN & ROOT, Inc. Enginects  Conilrucrs 


‘ ; BO xX 3 H Ou Ss 


‘ 


Lie TEXAS 


CABLE ADDRESS — 
BROWN-8ILT 
Associate Companies:— BROWN ENGINEERING CORP. 





+ 
‘| HIS is the 1949 Process Issue of PeTRroLteum Rt 
FINER. As in corresponding earlier editions, the prin 
cipal processes of current commercial importance in 
the refineries and natural gasoline plants are well 
represented There are, too, a 
Annual number of processes used in 
petrochemicals manufacture 
Process Issue Also, because reader comment 
indicates that this process issue 
is commonly used for reference purposes, as a kind 
of brief process encyclopedia, many of the older 
processes that are now used less, or not at all, have 
been included. Certain petrochemical processes of 
siderable interest were not available for publ 


or 


of processes presented here is sig 


The variety 
ificant. The number and applications of these 
manufacturing procedures provide a rough index 
of the status of our industry. The oil industry was 
ly based on the petroleum products which 

be manufactured from crude oil by a single 


yrrocess, batch distillation. The growth of the in 

be traced in the development of addi 
tional and revised processes for the manufacture 
of various products. As process methods have been 
devised to meet an expanding market in bulk pe 
troleum fuels, new products and new applications 
have also been discovered. The industry which 
originally made kerosine for lamps as its principal 
product now makes an almost endless variety of 
products. The liquid fuels, gasoline, kerosine, 
diesel oils, heating oils, and fuel oils, still consti 
tute the bulk of this production, with lubricants 
and asphalts important secondary products 
Specialty products derived from the basic refinery 
products by separation and petrochemicals manu 
factured by conversion from petroleum feed stocks 
are becoming increasingly important. 

The oil industry, grown complex and large, is 
just as much dependent on the manufacturing 
processes it employs now as it was in earlier days 
Several processes of current importance have long 
been in general use and have reached their present 
status after continued development and improve 
ment. Other processes are of more recent commer 


application, ind some now prominent were 


ttt 


‘ . ‘ 


developed and installed in large capacities quite 
recently to meet wartime demands for aviation 
gasoline, toluene, and synthetic rubber 

The current record-breaking construction pro 
gram underway in the process division of the oil 
industry is clear evidence that development is con 
tinuing at a high level. Several large plants are 
building which will make products not previously 
available from petroleum sources, and other new 
plants will make gasoline and a variety of useful 
chemicals from natural gas. 

The fuel oil shortages of a year back have been 
supplied, primarily by increased plant production 
Instead of those problems, refiners are now faced 
with excesses of fuel oil, that may be somewhat 
seasonal, which they must work off into gasoline 
or light oil products for best economic returns 
Che situation seems to lead in the direction of new 
plant construction, to provide the necessary addi 
tional process facilities for heavy oil conversion 
Some major refineries have announced such 
projects 


The Process Section starts on page 113 
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HE important role of labor saving devices in 


the life of Mr. and Mrs. America—and Mr. and 
Mrs. World, for that matter—is interestingly 
treated in a recent issue of General Electric Com 
pany’s Commentator in an 
article entitled “Is Mama in 


a ‘Speed-l Ip’ Te 0?” 


Mama and 
sé 9 

The Speed Up Even in periods of declin 
ing sales and jobs, the dis- 
cussion points out, “improvements in labor-saving 
machines and methods make more and better jobs 
than would otherwise be possible—make layoffs 
less than they would otherwise be—bring the 
return to full employment sooner.” This is the 
case because such improvements provide the better 
products at the more attractive prices that enable 
advertising and salesmen to bring in more of the 
sales that make jobs 

But hear the Commentator’s story: 

he fear too frequently built F 
machinery is that it kills jobs 


saving 


Down at the factory we m: . mnfused about 
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For Lowest Gasoline Treating Costs... 
Check All 3 Du Pont 


Gasoline Antioxidants 


Not all gasolines respond alike to antioxidants. 
That is why Du Pont offers three gasoline anti- 
oxidants .. . Nos. 5, 6 and 22, from which you 
can choose the one best suited to your gasoline. 

The accompanying graphs, taken from our 
laboratory files, show how in two gasoline 
stocks there was an entirely different response to 
Antioxidants Nos. 5 and 22. In Gasoline “A”, 
Antioxidant No. 22 showed a marked saving 
over No. 5, and in Gasoline “B” the response 
was reversed with No. 5 showing a definite ad- 
vantage over No. 22. (No. 6 had approximately 
the same response as No. 5, but in some other 
stocks has proven more economical than either 
No. 5 or No. 22). 

No matter what type of antioxidant you may be 
using, a periodic check with these three Du Pont 
antioxidants may help you lower your gasoline 
treating costs, especially if there are changes in 
crude supply or refining processes. 

Samples are available, or the nearest Du Pont 
District Laboratory will gladly assist you in 
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THROUGH CHEMISTRY 
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evaluating your fuel and in making the proper 
recommendations. For further information, ask 
your Petroleum Chemicals representative or 
write the nearest District Office. 


Du Pont Antioxidant No. 5—is o solution containing 
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drovs iso-propanol, ond 20% Anhyrous methanol. 
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Du Pont Antioxidant No. 22—is ao commercial grade 
of N:N’ disecondary buty!-poro-phenylene-diamine 
containing no solvents 
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this. But Mama Certainly isn’t. So let’s go out home and 
ask her if she has lost her job. 

We expect the answer will be kind of positive that she 
has just as big a job as ever—is doing just as much—but 
she is doing more interesting and productive things. She 
has shifted the physical labor over on to the appliance, 
and is using her mind instead of using her muscles. She is 
getting to be a “manager of machines.” And the time 
saved by the machines enables her to give more attention 
to the education of the children, give more time to learning 
about more attractive food and better bargains. Also she 
has time for those rewarding trips to the beauty parlor 
that keep her looking surely like the bride she was five, 
ten, or torty years ago 

It’s evident she just could not be doing these added useful 
things if she still had to hand-pump the water, wash the 
clothes over a scrub board, and heat the heavy old “sad 
iron” on the stove. Or if she had to go out and split the 
kindling for the range and put the milk down cellar in a 
half-way cool place. If Mama tried to run the new kind 
of home by old hand methods, there would have to be five 
or six of her. The new way of getting so much house-work 
done—and getting it done with only one wife—may be a 
“speed-up.” But if it is, Mama is certainly for it—and 
more of it—and we guess Papa is for it too 

Incidentally, it’s a little interesting to see what this 
“speed-up” in American homes—this using of machinery 
by Mama to get more results from her efforts—has done 
at General Electric. General Electric’s business has always 
been simply that of making labor-saving devices. Since 
entering the home appliance field, General Electric has 
gradually created thousands of new jobs to make these 
labor-saving devices for the home. Today, 25 percent of 
our business is directly in labor-saving equipment for the 
home. And a lot of the rest of General Electric’s output 
of turbines and generators and transmission equipment is 
used to get electricity to the home—in order to make the 
labor-saving devices save the labor there 

It’s a peculiar thing about labor-saving devices: The 
more of them we make, the more jobs and the better jobs we 
have on the whole—whether these labor-saving devices are 
made for the factory, the farm, the store, or the home 
And in the bargain, labor-saving machinery makes our 
whole lives better—both at work and after work 


7 
“WV HEREVER we look we see in govern- 


ments little but waste, inefficiency, graft, double- 

dealing or dismal failure. We in the oil business 

are naturally fearful of the outcome of our politi- 
cal problems.” 


This is a quote from a 
talk which General Pe- 
troleum Company’s pres- 
ident, Robert L. Minck- 
ler delivered last month before the Wilshire Cham- 
ber of Commerce. One of the several very timely 
and pointed remarks made by the speaker, it hap- 
pens to tie in perfectly with the effort that is being 


Fair Deal for 
The Hoover Report 


made in some quarters looking toward a “fair 
deal,” if we may borrow a favorite Truman phrase, 
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for the recommendations presented by the Hoover 
Commission. 

The President has indorsed in large part these 
recommendations, but if our long-distance glasses 
are any good it appears that except for Secretary 
Louis Johnson’s commendable cutback, there is 
little inclination on the part of Democratic leaders 
to push the recommendations before Congress. 

Mr. Truman finds “funny” the Hoover declara- 
tion that a trend toward collectivism is suggested 
by the fact that there is one government employe 
to about eight of the working population of the 
U. S.; that about one person out of seven of the 
general population is a regular recipient of gov- 
ernment money; that the average citizen works 
about two months every year for the government; 
that present and proposed government spending 
will absorb between 75 and 80 percent of all the 
savings of the people, thus making government the 
major source of credit and capital. 

As the Wall Street Journal declares “if a govern- 
ment policy is to take so much of the people’s 
money in taxes that there is inadequate capital 
formation for investment, the end result is that 
the state must take over production and distribu- 
tion of goods because private capital can no longer 
finance it. That is nothing if not a collectivist 
policy.” 

Pathfinder magazine says the Hoover Commission 
“has shown the way for some down-to-earth com- 
mon sense” in its report wherein 24 committees 
with more than 300 experts did a long, tedious job. 

Federal bureaus and employes, you may not 
realize, have quadrupled in the last 20 years, there 
being more than 2 million in 1948. The federal 
payroll rose from $1 billion to $5.6 billion and the 
national debt rose from $500 for each family to 
more than $7500. 

Senator Harry F. Byrd thinks that half a million 
employes could be amputated from the federal 
payroll with no decrease in efficiency. And there 
is plenty of opportunity for economy in many 
other lines. These, by the score, are set forth in 
specific detail by the Hoover Commission. 

So there’s no excuse for inaction. The doctor 
which the administration selected has written a 
prescription. Are Mr. Truman and his Washington 
forces men enough to swallow the dose? The na- 
tion, generally, would like to see a serious effort 
made, at least. 

If such steps were taken the Mincklers over the 
country, who are truly concerned over political 
trends and their import, would have much less to 
worry about. They, at least, could then devote full 
attention to oil’s work in the postwar recovery 
program. 
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Top picture is a general view of job site looking northeast of the refinery being 
erected by Creole Petroleum Corporation on the Paraguana Peninsula, Venezuela 
The first unit will be completed early next year and the entire refinery is expected 
to be in operation before January, 1951 
Lower picture shows fabrication work being done on atmospheric pipe still, Amuay 
refinery, Paraguana Peninsula, Venezuela 
Both photos were made late last spring 
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Bureau of Mines Warns 
Of Low Refinery Runs 


f Mines - 


congestior 


Trends of Operations and Changes in Stocks 


Bureau of 
ports, wl 


iT Institute wee rep es ) 
(All figures in thousands of barrels—add 000) 


Crade Ou Gasoline Gasoil and Distillate Residual Fuel 


Trends in Production Runs to Stocks Production Stocks Production Stocks Production Stocks 
Week Ended Daily Stills Daily Week End Weekly WeekEnd Weekly |WeekEnd Weekly | Week End 


1948 
J 


October 30 

November 27 

December 
1949 

Jar 

Febr 


Mar 








tT Gute Or Corporation's Spear Gasoline 
Plant, Kilgore, Texas, liquid propane is pumped 
directly into storage tanks. While awaiting ship- 
ment, only free water is drained off. Then the pro- 
pane is dehydrated on its way to the tank cars. \ 
The dehydrator, through which the propane is j 
pumped, consists of a single tower containing 2,500 
pounds of ALcoa Activated Alumina. The operating 
pressure is approximately 180 psig, inlet tempera- 
70°F. and the propane is dried to 


ture averages 
pass the cobalt-bromide test. 
Although approximately 


pane are pumped through this tower daily, reactiva- ' 
i. 2 


50,000 gallons of pro- 


tion of the ALcoa Activated Alumina is required 
only at 60-day intervals. This means that each 


pound of Activated Alumina dries 1,200 gallons 


of liquid propane. 

The stability and sorptive capacity of ALcoa 
Activated Alumina eliminate the necessity of more 
frequent regeneration cycles. Although moisture is 


Gulf Oil Corporation depends on 
ALCOA ACTIVATED ,ALUMINA 


for drying propane at Spear Gasoline Plant 


held for relatively long periods, the ALcoa Activated 
Alumina does not swell, soften or disintegrate. 

It is one of the few solid types of adsorbents that 
does not change its form or properties. Being non- 
corrosive and inert, ALcoa Activated Alumina has 
no effect on the product even when the latter stands 
in contact with the alumina for long periods. 

Whether operating conditions are normal or ex- 
treme, Atcoa Activated Alumina is one drving 
agent you can depend on for reliability and econ- 
omy. Let us send you all the facts. Write to: 
Acuwinum Company or America, CHewicats 
Division, 1963) Gulf Building, Pittsburgh 19, Pa. 


This single tower, containing 2.500 ths of Alcoa 
fetivated Alumina, dehydrates approximate ly 50.000 
gal. of liquid propane daily—is regenerated at 60- 


day intervals, 


p.NRegey Walaa va 


ALUMINAS 4% FLUORIDES 


ACTIVATED ALUMINAS * CALCINED ALUMINAS + LOW SODA ALUMINAS * TABULAR ALUMINAS + HYDRATED ALUMINAS 
SODIUM FLUORIDE + SODIUM ACID FLUORIDE FLUOBORIC ACID + CRYOLITE 


ALUMINUM FLUORIDE 





at that time for making extreme read 
justments in yields may be necessary if 
the current low rate of refinery runs ts 
continued too long. The statement was 
issued along with a revised forecast of 
1949 supply and demand which also esti- 
mated demand for heating oils this com- 
ing winter at about 20 percent greater 
than in the winter of 1948-49. The Bu- 
reau also revised downwards to only 1.6 
percent its estimate of last December as 
to what this year’s increase in total de- 
mand over 1948 might turn out to be 
Originally, it had forecast an increase of 
5.8 percent 

In the forecast for the full year, the 
estimates include a gain in total demand 
of 1.6 percent including a decline in 
exports of 1.6 percent and an increase of 
1.8 percent in domestic demand 


Sohio Says Wider 
Crude-Margin Needed 


Margin increase between the price of 
crude and the value of products will be 
necessary if the oil industry is to meet 
the demand for fuel oil next winter, 
3oard Chairman W. T. Holliday and 
President C. T. Foster of Standard Oil 
Company (Ohio) said last month. To 
accomplish this, the executives said, it 
will be necessary to end “virtual buyers’ 
strike” based on the belief that crude 
prices will drop, leading to product price 
reduction. “It is desirable,” they said, 
“that buyers promptly resume normal 
purchases in order to relieve pressure on 
refinery storage.” 

The company’s refineries processed 
about three percent less crude during 
the first six months for the same period 
of 1948. Crude runs to stills are expected 
to average “somewhat lower” for the 
full year than previously anticipated 

[he report said that the lower rate 
of operation reflects a change in the 


OFF FOR FRANCE 


A 60-ton extractor tower, 
53 feet long and 8 feet 
in diameter, is loaded in 
Brooklyn aboard the S.S. 
Molda, which sailed Au- 
gust 12 for Le Havre, 
France, where the tower 
will be transported to So- 
cony-Vacuum Oil Com- 
pany’s refinery at Gro- 
venchon, France. The 
tower will be used to ex- 
tract asphalt from crude 
oil in the manufacture of 
lubricating oils. 


S A ead Seo 


CANADIAN PROPANE PLANT—Here is a photo of the recently completed propane recovery plant 
built in Turner Valley by Western Propane, Ltd., Calgary, Alberta, Canada. It has a daily capacity 
of 28,000-30,000 gallons (U. S.) daily, according to J. M. Pryde, manager. 


economics of refining operations result- 
ing from the rigidity of crude oil prices 
and the very substantial decrease in the 
market price for burning oils. 


NPC Committee Attacks 
Crude Reserves Problem 


L. F. McCollum, recently named chair- 
man of the 17-member National Petro- 
leum Council Committee on Crude Pe- 
troleum Reserve Productive Capacity, 
outlined an attack on the problem of 
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providing a substantial domestic re- 
serve crude production capacity to be 
available in the event of an emergency. 
At a meeting of the special committee, 
McCollum defined the problem, and the 
committee appointed a working sub- 
committee and a legal advisory sub- 
committee to seek a solution. The work- 
ing sub-committee will report to the full 
committee in formulating the group’s 
formal report to NPC 

McCollum anticipates that the final 
report will show the effect of favorable 
economic conditions, good conservation 
practices, no serious interruption by the 
government or as result of war, as well 
as disclosing the trend toward develop- 
ing adequate reserve capacity, and the 
effect of synthetic fuels. 


Power Plant Fuel Oil Use 
Shows Increase Over 1948 


Federal Power Commission has re- 
ported that electric utility power plants 
consumed 4,987,094 barrels of fuel oil 
during June, a record total for that 
month and an increase of 62 percent over 
June, 1948, and increase of 20 percent 
over May, 1949 

Fuel oil stocks on hand July 1 totaled 
8,072,314 barrels. Based upon June use, 
stocks are sufficient for 49 days, com- 
pared with 60-day stocks a month before 
and 79 days a year ago. The report also 
showed that natural gas use amounted 
to 52,248,594,000 cubic feet during June 
and was 1.1 percent greater than previ- 
ous consumption record for all months 
June gas total was 20 percent more 
than a year ago and 14 percent above 
May, 1949. Power plant consumption of 
coal during June decreased 16 percent 
from a year ago but increased 3 percent 


over May, 1949. 
Appointed Vice Chairman 


George S. Dunham has been appointed 
vice chairman of the manufacturing com- 
mittee of Socony-Vacuum Oil Company, 
Inc. Dunham will supervise operations of 
the company’s eastern and Midwest re- 
fineries and pipe lines. He succeeds 
Douglas L. Hooker, who has retired. 
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PLANT CONSTRUCTION 
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Canadian Gov t 


Phillips 


Engineering Contractor 


Braun 
Braun 


& Braur 
& Braur 


sO.D 
$.0.D 
Radeer Badeer 

sop 

8.0.D., Day & 8.0.D, & 
Zimmerma Zimmermann 
Girdler 
Lummus 


mus, Badger 


Staff 


Badger Badger 


Badger Badger 
Badger 

Kadger 

Chemical 


‘onstr. Cc 


Foster Wheeler, 
Kellogg 


Ir 


J. & L. Constr 
Koch 
Koch 


Process Eng 
Bechtel 


UO? Constr 


Kellogg 
Kellogg 
Kellogg 
Kellogg 


Staff 


Chem. Constr Blaw-Knox 
Chem. Constr 
Chem. Constr., 

Blaw-Knox 
Koch 


Walco 


Chem. Constr 
Chem. ( Jonstr 


Koch 
Staff, Waleo 


Staff, Constr Constr. Service 
J. & L. Constr 
Ref. Eng. U.O.P 


75 








COMPANY 


REFINERY AND OTHER PLANT 


Plant Site 


CONSTRUCTION (Continued) 





Project 


Daily 
Capacity 


Estimated 
Cost 


States 


Probable 


Completion —_Licenser 


Engineering 








“Northern Nat. Gas 


Northern Natural 
Gas Co 
*Northern Nat. Gas 


*Northern Nat. Gas 
*Northern Nat. Gas 


Ohio Oil Co. 


Oklahoma Ref. Co 
*Oid Dutch Refg. Co 
Peteo © 


Phillips Pet. Co 
The Pure Oil Co 


Rock Island Refg 

The Shall w Water 
Refining ( 

*Sinelair Refining ( 


Skelly Oi) Ce 

Seeony Vacuum 
Socony-Vacuur 
Socony-V acuur 


Sorony-V acuum 
Sorony-V act 


Socony-Vacuum 


Wtandard Ot 


Standard Oil Co. 
Ob « 
Standard 
Standard 


Obi 


Obie 


Standard (Ohic 
Standard ((b 
Standard (Ohi 


Sun O 


The Texas Cx 
The Texas Ce 


je Water Associated 
hl Co 


S. Dept. of Interior 


Weat Cement Me 
trano Unit 

Wood River Oil & 
Refining Co., Ine 

Wood River O&R 


SOUTHWEST 
Alba Refg. ( 
*American Liberty 

( ( 


Barnadal! Oil Ce 
Brazos River Gas ( 


Calumet Refg. Ce 
arthage Hydroeol, 
Ine 
-( ‘on Corp 
ties Service Oi] Cc 


tees Service Oil 
ites Service Oi! 


‘oasta] Refineries, 
Inc. & Mayfair 
Minerals, Ine 

“ontinental Qn! Co 
ontinental Oh] Co 


caden Pet. Ce 
*Del Rey Petroleum 


Department of the 


al ( 
Natural Gas 


Natural Gas 
|. DuPont de 
Nemours ( I 


Buston, Kana. 


Clifton, Kans. 


Mullinville 
Kans 


Sublette, Kans. 
Sublette, Kans. 


Robinson, Tl 


Seminole, Okla. 
Muskegon, Mie bh 
Blue Island, Tl. 


Kans City, 
Kans 


ledo, Ob 


Cadde ty 


ik laboma 
Hartford, Ill 


Hartford, Ill 


Brownsville 
Texas 


Lake Charles, 
| 


La 
Pampa, Texas 

Ch Field, Tex 
St. Rose, La 


Allen Texas 


Increase Com- 
Ce 


Increase Com- 

r Cay 
Vee. Unit Cai. 
Crack, Crude 
Still, Poly, LP 
G 


Refi 

Platforming Unit 
Houdrifiow Cat. 
Cracker Unit, 
LPG 


Fluid Cat. Crk 


Reforming Unit 
Dewaxing Unit 
Crode Dist 
Unit, Cat. Crk 
Crude Dist 
Thermal Crack 
ng, Reforming 
Visbreaker Unit 
Misel. Refinery 
Additions 
Delayed Coking 
Houdry Conver 
c 


Outaide Battery 
Limit Facilities 
Increased Tank 
age ‘apacity 

l | (sae 
Plant 

Furfural Refin 
ng Plant 

Cat. Cracking 

Crude Distl 


Propane Deas- 
phalting Unit 


eranize Refinery 
Expand Refinery 


Houdriflow Unit 
Cat. Cracker 
Demonstratior 
Onl-from-Coal 
Gas Injection 
Facility 
nd Cat 

Cracker 


Vacuum Unit 


Asphalt Refining 
Asphalt-Loadi 
and Storage 
Facilities 
Compressor Sta 
Gasoline Plant 


Blendir 
Tank H 
1ydroeol 


Lube Plant 


Gasoline Plant 

Natural Gasoline 

Lube Oil Blend- 
3 

Cycling Plant 


1,600 bp. 


1,600 bp. 
3,200 hp 
245,000 mef 
4,200 hp. 


27,500 bbls 


200 bbis. 
2,000 bbls. 
5,000 bbis. 


24,000 bbis. 
1,500 bbis 


384,000 bbis 


840 by 
30,000 bbis. 
#20,000 bbis. 
4.500 bbis 


80 bbis 


$15 million 


$40,000 
$400,000 


$10 million 


$1,200,000 


$85,000 


$x-1 


$240,000 
$220.00 
$13 million 


$11 million 
5.5 mil‘ion 


$5 million 

1 millon 
$2.5 million 
$700,000 


$125,000 


$75,000 


$380,000 


$26 million 


$42 million 


Under Constr. 


Under Constr 
Under Constr 
Authorised 

Under Constr. 


Under Constr 


Under Constr 
Under Constr. 
Under Constr. 


Under Constr 


Under Constr 


Under Constr 


Under Constr. 
Under Constr 
Under Constr 
Under Constr 


Under Constr 


Planned 
Planned 
Under Constr 
Planning 
Planning 
Contracted 


Under Const: 
Authorised 


Authorized 
Authorised 
Authorized 
Under Constr 
Designing 
Under Constr. 
Design 

Under Constr 
Under Constr. 
Under Constr. 
Under Constr. 
Under Constr 


Under Constr. 
Completed 


Under Constr. 
Under Constr 
Under Constr, 
Under Constr 
Under Constr 
Completed 

Designing 

Under Constr. 


Under Constr 


‘onstr 


ler Constr 


Under Constr 


Relocating 
Planning 
Designing 


Designing 


Desigr 


1949 


1o49 
1949 
1950 
1949 
Mid 1950 U.O.P 


Oct. 1, 1949 
U.O.P 
Houdry 


U.O.P. 
Pereo 


Completed The Texas Co 


Mid 1950 


Ort 
1949 


1949 


Socony-Vacuum 
Soeony-Vacuum 
1949 
May 1, 1950 
Dee. 31, 149 
1951 


Oct., 1949 
Feb., 950 
Mid 1951 
Mid 1950 
Mid 1950 


Houdry 


1949 
April 1, 1951 
Late, 1949 Houdry 
Dec., 1949 
1949 
Dee., 1949 


August, 1949 


Nov. 1, 1949 


July, 1949 


Sept., 1949 
3rd Qtr 
1949 


1949 
Hydro-Res., Inc 


exaco 
Texaco Max B 
MI 


Dee., 


Sept., 1949 


Farly, 1950 
Late 1949 
Mar., 1950 


1949 
15, 1949 


Dec 
Oct 


Nov., 1949 


Sept.. 1949 


Late ,1950 


Nov., 1949 
1949 


Early 1951 


Late 


U.OP. 
Houdry 


Braun 


U.O.P 

Koch Eng 
Lummus 
Staff 

Staff 

Staff, Bechtel 


Staff, Bechtel 


Staff 
Staff 


Lummus 


McKee 
Kellogg 


Lummus 


Houdry, Cat. 
Constr., Process 
Eng., Staff 

Fluor 

Kellogg, Foster 
Wheeler, U.0.P. 

Foster Wheeler, 
Kellogg 


Koppers 
Dresser 
Koeh 
Koeh 


Staff 


Olsen 

R. L, Purvin & 
Richard Henry 

Staff 


McKee, Hydro- 

Res., Ine 

Max B. Miller, 
ummus 

Waleo 

Fluor 

Day & Zimmer- 


man 
Gaso. Plant 


Ref. Maint 


U.OP. 
0.1 


Fluor 
Fluor 
Staff 
® CONTINUED 


fiiner—lV 


Staff 

Koch Eng. 
Lummus 
Bechtel 
Bechtel 
Beehtel 
Bechtel 


Fluor 
Hammond 
Undetermined 
Lummus 


McKee 
Kellogg 
Lummus 
Lummus 
Lummus 


Cat. Constr 


Kellogg, Foster 


None 
Olsen 


Stafiff 
McKee 
Lummus, Max 
Miller 
Day & Zimmer- 
man 
Gaso. Plant 


J. & L. Constr 
Ref. Maint 


Ref. Eng. 


Ole Olson 


sles Powder 


Herc 
a 
Staff 


Staff 
Staff 








OIC Gate Valves installed in 
WORLD’S LARGEST GASOLINE 
PLANT located in Garvin County, 
Oklahoma. 


RE 





WARREN PETROLEUM CORPORATION in 
building and operating the WORLD’S LARGEST 
GASOLINE PLANT for The Texas Company, 
Carter Oil Company, J. E. Crosbie, Incorporated 
and Cities Service Oil Company and themselves 
elected to use OIC Valves because of their efficiency in flow control requirements. 
Reasons? Dozens! 
Not the least, of course, is OIC’s long line. It fills the petroleum field’s needs for a 
wide variety of valves which function with absolute precision and safety for long 
periods of time. You’re safer with OIC Valves, because materials for both trim and 
pressure-containing parts are selected for their utility in all the applications for 
which the valves are recommended. Special trims and combinations of trims for 
special applications are also available. 

In addition, you get valve features such as leakproof joints to guard against pressure-drop .. . 
streamlined design to protect flow from turbulence . . . heavier construction to keep pressures 
and stresses in leash . . . wedges of heavy I-beam design for positive flow control . . . integral body 
ribs to effectively reduce vibration and wear. It’s easy to see why, in “the oil country,” OIC Sets the 
Pace in Valves! 

THE OIC CROSS 

REFERENCE CHART 

eliminates your valve 

replacement problems. 


Simply check the num- 
ber of the valve on the 
line, turn to the OIC 
chart and find the cor- 


rect replacement valve. 
Get your free copy from 


pony, Wedsworth, Ohic. FORGED STEEL * CAST STEEL * IRON * BRONZE 





September, 1949 1 Gulf Publishing Company Publication 





Published by 
PETROLEUM REFINER 


For BUYING 





oil refinery 





equipment 








a BUYERS MARKET 





If you're doing more comparing 
of products these days The 
REFINERY CATALOG will help 
make your buying decisions easier. 
Inside the current edition you'll 
find the catalogs, the complete 
product information you need on 
refinery equipment of 330 lead- 
ing manufacturers. 





THE 

UNIVERSAL 
EQUIPMENT GUIDE 
FOR OIL REFINERY 
BUYERS 





COMPANY 


Plant Site 


REFINERY 


Project 


AND OTHER PLANT 


CONSTRUCTION (Continued) 


Status 


Probable 
Completion 


Licensor 


Engineering 





*Esso Standard Oil ( 


Ethyl! Cory 
B. F 


Goodrich ( 


Gulf Oil Corr 


Humble O&R ( 


Humble O&4R 
Humble O&R 
Humble O&R 
Humble O&R 


Humble O4R 
Humble O&R 


Humble O&R 
Humble O&R 
Hutex 0. & R. Ce 


Jefferson Chem. ( 
Ine 

Jefferson Chem. C« 
Ine 

one Star Gas 

Magnolia Pet. Co 


I 


Magne 


lia Pet 


Mayfair Minerals, 

Midland Gasoline C« 

*North west Re- 
fining ( 


Pan American Refining 
Cor 

Panhandle Pro. & 
Refg 

Panhandle Producing 

*Phillips Chemical 

*Phillips Chem 


*Phillips Chemica 


pe Term. Ce 
lips Chemical Ce 


Plymouth Oil Ce 


*The Pure Oil Ce 


The Pure Oil Co 
*Reno Oil Co 


Shamrock Oil & Gas 
Co 


Shell Oil Co 


Shell Oil Co 
Shell Oil ( 


Shell Oil Ce 
Shell Oil ( 


Skelly Oil Co 

Southern Minerals 
Corr 

Stanolind O&G Co., 
Opr 

Stanolind O&4G 

Stanohind O4G 

Stanohnd O&G 

Sun Oil Ce 


*Sun O 

Tex. Nati. Gas Corp. 
& Slick-Urschel 
The Texas Ce 


The Texas Co 


United Gas Pipe Line 
Co 


West Texas Gas Ci 


ROCKY MOUNTAIN 


American Gilsonite ( 


Ss, ptember, 1949 


Baton Rouge, 
I 


Raton Rouge, La 
Port Neciues, 
Texas 
Crane Texas 
Port Arthur, 
Texas 


Katy, Texas 


Conroe, 

isas, 
Baytowr 

wn, Texas 


Opel 
Bayt« 


Baytown, Texas 

Jourdanton 
Field, Texas 
Pickton Field. 
Texas 

Tomball Field, 
Texas 


Hardin, Texas 
Austin, Texas 


Port Neches, 
Texas 


Seeligson Field, 
Premont, Tex 


Allen, 

arene Te \a* 
St. Paul Park 
Minn 


Me 
( 


Texas City, Tex 


Leuders, Texas 


Wichita Falls, 


Etter, Texas 
Borger, Texas 


Pasadena, Tex 
Etter, Texas 


Rankin, Texas 


Dollarhide, An 
irews County, 
Texas 

Nederland, Tex 
Holiday, Texas 


Sunray, Texas 


Houston, Texas 


Houston, Texas 
Provident City, 

exas 
Notrees, Texas 
Denver City, 
Texas 


Skellvtown Te x 
Stratton Field, 
Texas 
Fullerton Field, 
Texas 
Brownsville, Tex 
Levelland, Tex 
N. Cowden, Tex 
Starr Co., Tex 
Chambers 
County, Texas 
Egan, La 
Rankin, Texas 


Port Arthur, 
Texas 

T yerina-Canales 
veld, Texas 

Chalk-Hill Field, 


Texas 
Withers Field, 
etas 
Karnes City, 
Texas 


Fritch, Texas 


Bonanza, Utah 


Mechanical 
Shops, Main 
Office, Cafe 
teria, Crude 
Desalting Unit 

Mfg. Facilities 

Expand Plant 


Gasoline Plant 


tevamp Houdry 
Fixed-Bed U nits 


worption, 
Refrigeration 
Absorption 
Absorption 
Pipe Stills 
Roof Replacing 
{ Butyl Bidg 
Misel. Farilities 
Gasoline Plant 


Absorption 


Add Comm 
Fac 
Fractionators 

w Solvents 
Central Research 
Facilities 
Increase Capac- 

ty 
Hypersorption 
Increase Propane 
Recovery 


res. 


Gasoline Cycling, 
Casinghead 


Cycling Plant 
Enlarge Gasoline 
Loading Rack, 
Products Trans- 
fer Line 
Revamping 
Crude Unit 
Refinery 


Cat. Cracker 


Prod 
Acid 
Fertilizer Plant 
Increase Cap 
Phil-black Car- 
ben Black 
Plant 
Develop Bulk 
Loading, Ship- 
ping Facilities 
rase Capa- 
city Cactus 
Ammonia Plant 
Gas Compres- 
sion, Absorp 


of Nitric 


Wax Fractntn 
Crasoline 

Pressure Main- 
tainence Plant 
Increase Topping 
& Cracking 
Facilities 

Lube Plant 


Gas Stripping 
Plan 

Add TXL Plant 

Gas Compres- 
sion, Absorp. 
Addition 

Add Gaso. Plant 

Gas Compres- 
gon addition 

Gasoline Plant 


Chemical Plant 
Gasoline Plant 
Gasoline Plant 
Gasoline Plant 
Compressor 
"lant 
Nat. Gas Plant 
Nat. Gasoline 
Plant 
Lube & Wax 
Additions 
Gas Compres- 
sior 
Gas Compres- 
sion, Absorp. 
Expand Com- 
pression 
Natural ( 
{ 


jas & 
nd. Proc 


Gilsonite-to 
Crude-Oil Pilot 


$40 million 
$800,000 


40,000 mef 
10,000 bbis. 


Unchanged 


30,000 mef 
110,000 mef 
45,000 bbis 


$1 million 
26,000 mef 


18,000 million 
10,000 mef 


1,000 bbls, $50,000 


AN mef 
Unchanged 


{150,000 mef 
| Cyeled 

)70,000 mef 
Casinghead 
50.000 mef 
100,000 gals. 


500,000 gals $40,000 


1,200 bbis 
1,500 bbls $1 million 


225 tons 


300 tons 


8 million Ibe./yr 


490 tons 


440 tons $5.3 million 


70,000 mef $514 million 
22,000 mef $4 million 
200 bbis 

400 hp 


10,000 bbis $300,000 


60,000 mef 


30,000 mef 
30,000 mef 


+ 55,000 mef 


50 min tons /yr 
40,000 mef 
75,000 mef 
35,000 mef 
14,000 mef 


$4 millon 


55,000 mef 
#37,500 Crude 
+2.500 bbis. Oil 
6,000 mef 
2,000 mef 
9,000 mef 
10,000 mef. $1 million 


3,150 B. hp 


300 tons $300,000 


A Gulf Publishing Company Publication 


Inder C 
Inder Constr 


Inder Constr. 


nder Cx 


Under © 
Under Constr. 
Completed 
Under Constr. 


ynstr. 


Projected 
Under Constr. 


Completed 
Under Constr. 
Completed 
Under Constr. 
Engineer 
Design & Eng 
Completed 


Under Constr. 


Under Constr. 
Under Constr 
Under Constr 
Engineering 
Shut down 
Under Constr. 
Inder Constr 


‘nder Constr. 
nder Constr. 


‘ompleted 
Inder Constr. 


Inder Constr. 
Inder Constr 


Inder Constr 
Inder Constr 


Inder Constr. 


Inder Constr. 


‘ompleted 
Inder Constr 


Inder Constr 
Inder Constr 
Tnder Constr 
Inder Constr. 
Inder Constr 
Under Constr. 
Under Constr 
Engineering 
Under Constr 


Under Constr 


Authorized 
Under Constr. 


Completed 
Under Constr 


Under Constr 


Inder Constr. 


Inder Constr 


Tnder Constr. 


Sept., 1949 
Mid., 1950 


Oct., 1949 


Sept., 1949 


Oct., 1949 
Oct., 1949 


Oct., 1949 
Sept.-Oct., 1949 


Early 1950 


Sept., 1949 
1950 
1949 


Sept., 1949 


Mar., 1950 
Dee., 1949 
Jan., 1950 


Late 1949 


Jan. 1, 1950 


Sept., 1949 


Oct., 1049 
Dec., 1949 


Sept., 1949 


1949-50 


July, 1950 


Sept., 1949 
Sept., 1949 


3rd Qtr., 1949 
1949 

Ist Qtr., 1950 
Early 1950 
Late 1949 
Fall, 1949 
Jan, 1950 
Dec., 1949 


Nov., 1949 


Oct., 1949 


August, 1949 


Jan., 1956 


Aug., 1949 


Aug., 1949 


Houdry 


Union Oil Co. 


U.O.P. 
Chemico 


Clemico 


Chemico 


Braun, Harris 
Bodman & 
Murrell, Staff 


Stone & Webster 

Staff 

Braun 

Houdry 

Stearns-Roger 

Stearns-Roger 
udson 


Foster Wheeler 
Staff 


Fluor 

Staff 

Staff 

Staff 

Foster Wheeler 
Staff, Delta 


Hudson 


Gaso. Plant 


Gaso. Plant 


Staff 


Tellepsen 


U.O.P., J. & L 
Constr 
Chem.co 


Chemico 
Staff 


Chemico 


Lummus 
0. L. Olson 


Staff 


Fluor 


Fluor 
Fluor 


Brown & Root 
Fluor 


J. & L. Constr 
Badger 
Brown & Root 
Stearns-Roger 
Pet. Eng 


Tex. Natl. Gas 
Corp. 
Foster Wheeler 


Tellepaen 
Delta 


Staff 


Staff 


Braun ,Harris, 
Staff 


tractor 


Stone & Webster 
Carruth Con- 
structing Co. 
Braun, W. H 
Bowden 
Cat. Constr 

Co 


Stearns-Roger 


Stearns-Roger 
udson 

Foster Wheeler 

Sta 


Hudson 


Foster Wheeler 
Delta 


Hudson 


Gaso. Plant 
Gaso. Plant 
Staff 


Tellepsen 
J. & L. Constr 
Brown & Root 


Brown & Root 


Brown & Root 


Hudson 


Lummus 
O. L. Olson 


Staff 


Fluor 

Fluor 

Fluor 

Brown & Root 
Fluor 

J. E. Carlson 


J. & L. Constr 
Badger 

Brown & Root 
Stearns-Roger 
Pet. Eng. 
Pritehard 


Pritchard 


Foster Wheeler 


Tellepsea 


Delta 








es 


COMPANY 


The Carter Oil Co 


Continental O 


Coronado Gasoline 
Corr 

Empire State Oi! Cé 

Northern Natural 
Gas Co. 

The Pure Oil Cx 

Salt Lake Refining ( 

Skelly Oil Co 


*Southern Unien Gas 
( 


Texas Gulf Sulphur 
C 


WEST COAST 
General Pet. Cory 
General Pet. Corp 


General Pet. Corp 
General Pet. Cory 


“General Pet 
Hancock Chemical Cx 
Hancock Oil Cx 
Hercules Powder ( 
Ohio Oi Cx 
*Paloma Refining Co. 
Ruchfeld Od Cory 
Ruchfield O:) Cory 
Shell Oil Co 
*Southern ( 
Gas Ce 
Standard Oil Co. of 
Calif 
Standard Oil, Caf 
Standard Oil, Calif 


Union Oil of Calif 


ounties 


Union Oil Co. of Calif 


Union O C Calif 


Union Oil ( 


FOREIGN 
Canada 


British America 


British America 
Co., Ltd 

*Excelsior Ref 

Excebior Ref 


Hi-Way Refineries, 
Ltd 

Hi-Way Refineries, 

imperial Oil, Ltd 

Imperial Oil, Ltd 

Imperial Ou 


Panther Oil and 
Grease Cx 

Shell Oil Co f 
Canada, Ltd 


Latin America 
onselbo Naciona! 
do Petrélec 

Creole Pet. Corp 


Creole Pet. Corr 
Ipiranga S.A. cia 


Bramilera de 
Petroleoe 


Plant Site 


Bulings, Mont 


Billings, Mont 


0 Hills Pie 
N.J 


Artesia, N.M 


Thermopobe, 
Wyoming 
Palmyra, Net 


Worland, W yx 

Salt Lake City 

Lea County 
M 


Bloomfield 


Worland, Wy: 


Torrance, Calif 
Torrance, Calif 
Torrance, Calif 
Torrance, Calif 
Torrance, Cahf 
Long React 
Cahf 
Long Beach, 
Hercules, Calif 
les, Levee. 
Calf 
Paloma Field. 
Calif 
Cuyama, Calif 


Cuyama, Calif 
Wilmington, Cal 
Blythe, Calif 


Bakersfield 
Cahf 


Bakersfield, 
El Segundo, C. 


Brea Olinda 


Calf 


Project 
de Cat. Crk 


‘omplete Ref 


Enlarge Plant 


Crude, Vacuum 


Sulfur Recovery 
Treating 


H.8 Absorption 
Noded Spheroid 


Cooling Tower 
Chemical Treat- 
ing Facility 
Two Coke 
Drums, Furnace 
HS Recovery 
System 
Ethylene Glycol 
Ammonia Plant 
Gas Lift 


Extend Absory 
tron Seet 
Aheorption 
H28 Removal 


Plant Compr 
Add. Compres- 
sor Capacity 
Thermal, Cr‘, 
(raso. Stabrt 
Gaso. Treating 
Crade Dist 


Cracked Naph 
tha Rerun Still 


Research Plant 


fining Facilities 
Improve hand! 
n@ facilities 


Daily 
Capacity 
30,000 bt 
7,500 bbis. 


10,000 mef 


10 million gale 
5,000 bbis. 
1,600 br 
25.000 bble, 
60,000 gals 
60,000 mef 


30,000 mef 


2 milhon gal 


&,400 gal 
00 tons 


7,500 bbis 
50) tons 

60,000 Ibe 
1,800 by 
60,000 mef 


15,000 mef 


2,640 bp 


9,000 bbe 


10,000 bbis 


22,000 bbie. 


Estimated 
Cost 


$15 million 


$9.5 million 


$500,000 


$400,000 


$325,000 


$10 million 


$40,000 


$400,000 


$7.7 million 
$2.6 million 
$5 millior 
$457,000 


$4 mill 
$1.51 


Status 
Under Constr. 
Under Constr. 
Under Constr. 


Under Constr 
Under Constr 
Under Constr 
Projected 
Demgn 
Under Constr. 
Under Constr 


Under Constr 


Fingineering 
Under Constr 


Under Constr 
Under Constr 


Under Constr 
Designing 
Engineering 
Completed 
Under Constr 
Planning 
Under Constr 
Designing 
Under Censtr 
Under Constr 


Under Constr 


Under Constr 
Completed 
Projected 


Under Constr 


Under ( 


om pleted 
nder Constr 


nder (c 


netr 


ynstr 


nder Constr 


Under Constr 


REFINERY AND OTHER PLANT CONSTRUCTION (Continued 


Probable 


Completion Licensor 


3rd Qtr., 1949 


U.0.P. 


P. M. Raigor- 
odsky 


Oct., 1949 


Sept. 1949 


1949 Pet. Eng.. Inc. 
1949 

1949 

Jan., 1951 

1949 


Sept.. 1949 


Jan., 1950 


1949 


Aug. 1949 
Late Fall, 1949 


1949 
1949 
1949 
None 


Oct. 21, 1949 


Late 1949 U.OP 


Nov., 1949 Braun 
Sept., 1950 


Sept. 1949 


Oct., 1949 


Dee., 1949 


Max Miller 


Sept., 1949 


4th Qtr., 1949 


1951 


Dee., 1949 


Dec., 1949 
July, 1949 
Middle 1950 
Ja 


1950 


Late 1950 


Foster Wheeler 


Petroleum Re finer—l’ ol 28, ] 


U.O.P.,, 8.0.D., 


Engineering 


Fluor 
vO Constr 
Constr 
Pet. Eng 


Fluor 
Pee J.&I 


J. & I 


Pet. Eng 


Pet. Eng Staff 


Ref. Eng Ref. Eng 


Fluor 


J. BE. Carlson 


Graff 


Girdler, C. F. 
Braun, Foster- 
Wheeler 


Badger 
Chicago Bridge 
& Iron Co. 
Fluor & Staff 
Staff 


Badger 
Staff 
Staf 
Staff 
Kellogg Bechtel 
Badger Badger 


Radger 
Bechtel 
Fluor 


Badger 
Staff 
Fluor 


Fluor 
Fluor 
Fluor 
Mel-Mar 


U.O.P Braun 


Braur Braun 


Braun Braun 


Early Constr Early Constr 


Parsons, E. & A.| Ref. Maint. 
Mathews Con- 

veyor Co. J 
M. Mont- 
gomery & Co 
Max Miller 


Parsons 


Mathews 
Coaveyor 
Mar Miller 


I 

trick, Parker, 

Steffens & 

Pearce 
gomery & ( 


Kellogg 
U.OF 

U.O.} 

Ref. Eng 
Ref. Eng 
Staff, Barnes 


Braur 
Staff 


Kellogg Kellogg, Staff 


8.0.D Foster Wheeler 
J. G. White 


S } ‘ HULL Gl 





Your Plant 





ON THESE WATER TREATMENT SERVICES? 


Whether you generate 100 or 10,000 
hp in your plant, you should be get- 
ting all the scientific methods . . . all 
the benefits of “central station” 


water treatment. Below is the Bird- 
Archer 8-Point System of Water 
Treatment, developed through a half 
century of experience. Read this list 


carefully. Think about it. Then score 
your present methods against the care 
fully planned, individually- geared 
Bird-Archer Water Treatment System, 


BIRD-ARCHER WATER TREATMENT SYSTEM 


1. Plant survey » 


+ Study of all available 
water with particular 
relation to use 


tems 


3. Development of treat- 
ment and pete sys- 


egal hy 


4. Furnishing pro 
prepared treat 
materials 


A 
y/ rT; 
eeeeeeeeee 0 oF 





5. Specifying any equip 6. Instructing plant staff 

in the operation and 
control of the treat- 
ment system 


ment that may 
mecessary 


oe 





visory service 





7. Continuous super- 


ye eer re 


8. Laboratory Service 
scientific analysis 


a 





ALL OR ANY PART OF THIS SERVICE IS AVAILABLE TO YOU 


How did you score? Do you now 
have an effective program of water 
treatment and control . . . a system 
which encompasses all the aspects of 
this highly technical field? Bird- 
Archer will provide you with all of 
these services . . . keep your opera- 


BIRD-ARCHER 


WATER TREATMENT 


THE BIRD-ARCHER COMPANY ~ 400 MADISON AVE., NEW YORK 17, N. Y. 
PHILADELPHIA, PENNSYLVANIA + CHICAGO, ILLINOIS » MONTREAL, CANADA 
CALDERAS Y ACCESORIOS. S A AMSTERDAM 291, MEXICO, D F 


tions under the closest scrutiny . . . 
make certain their individually 
adapted treatment methods are fol- 
lowed precisely. Yet, in all likeli- 
hood, Bird-Archer Water Treatment 
will cost no more than what you are 
now paying. 


Profit by a searching discussion of 
your needs with a Bird-Archer Field 
Engineer. For a consultation with- 
out obligation plus a free basic sur- 
vey of your pone pe simply fill 
out coupon and mail today. 


he  ———— 


NAME 


COMPANY 


requi rements 


ADDRESS — 


THE BIRD-ARCHER COMPANY, 400 MADISON AVENUE, NEW YORK 17, N.Y 


Gentlemen: 
and make a free basic survey of our water treatment 
I understand there is no obligation. 


Please have your Field Engineer call 
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_ SEAMLESS WELDING FITTINGS—'/2 INCH THRU 30 INCHES 
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FORGED STEEL FLANGES—'/2 INCH THRU 30 INCHES—LARGE 0.D. THRU 96 INCHES 
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FORGED STEEL FITTINGS—-SCREWED AND SOCKET WELDING — us wtes a 4 INCHES 
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Means savings in time and dollars... for LADISH offers 
you a complete line backed with adequate stocks 


Whatever your fitting requirements... you give you double assurance of prompt service 
ean rely on the Ladish line for an unrestricted on every Ladish order. And, by standardizing 
selection of Seamless Welding Fittings, Forged on Ladish you know that every fitting is made 
Steel Flanges and Forged Steel Fittings. to the unsurpassed standards of Controlled 


—a , : j P uality for complete dependability. 
This Controlled Quality line is complete in Q . I I ’ 


types, size ranges and materials you need for 
virtually any application. Ladish also gives you A COMPLETE LINE PRODUCED UNDER ONE ROOF 


such outstanding engineering developments to - ONE RESPONSIBILITY j% 

improve piping efficiency, as Seamless Reduc- a 

ing Elbows and Full Branch Taper Design Tees. Ce - & 
Adequate stocks in strategically located dis- if A 1D) I H 

tributor warehouses ...supplemented by ex- e 


tensive factory inventories of every type... 





CUDAHY, WISCONSIN 


MILWAUKEE 


OISTRICT OFFICES, New York © Buffalo « Pittsburgh « Philedelphia 
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GCEWY 


COKING PROBLEMS 


iN 


ARE MINIMIZED 


WHEN YOU USE Ylitsch “TRUSS - -TYPE” 
ALLOY BUBBLE TRAYS 


Manutactured 
U. S$. Patents No. 


No. 2,358,926 and No. 2,- 

341,091 and other Patents 

Pending 

Tray illustrated is a 5’-4" diam. bubble 

tray made of 12% chrome, type 410 

stainless steel with straight downcomer. Note the 
“set-on” type risers and holddown frogs. These 
frogs, installed from the top of deck and snapped 
in the riser openings. eliminate the need for a 
man under the deck when installing or removing 
caps and risers. 


Fritz W. Glitsch FS Sons 


AND BUBBLE CAPS 


WHY? Because in usual 


operation coke has very 
little affinity for GLITSCH 
alloy trays and caps. 


Better operation and more uniform products are 
obtained because there is no loss in vapor up 
take area, downcomer area or available cap slot 
area. Cast trays and caps tend to coke up since 
the coke adheres readily to the roughened cast 
surface. The smooth surface of GLITSCH “’Truss- 
Type” light weight fabricated alloy bubble trays 
and bubble caps has minimized this problem. 


Any accumulation of sludgy sediment that might 
tend to collect is easily removed with a hose. 
GLITSCH light weight trays and caps are remov- 
able — with a minimum of manpower —and it 
isn't necessary to disturb the supporting trusses. 
(And it's much safer for the men to handle the 
light weight trays) 


DING 


Box 6227 Texas 


Dallas 2 
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“TRUSS-TYPE” BUBBLE TRAYS @ BUBBLE CAPS 


Fritz W. GLITSCH & SONS 


SA OFFICE 
© OFFICE. FRITZ W. GLITSCH & SONS, INC 
Fritz W. GLITSCH & SONS. INC 


Inc 11 West 42ND ST 

3618 WASHINGTON Ave 
525 WRIGHT BLOG 
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REFINERY AND OTHER PLANT CONSTRUCTION (Continued) 





: “ | Daily a ws ” Estimated Probable . } 
COMPANY Plant Site Project Capacity Cost States Completion Licensor Engineering Contractor 





Mene Grande Oil Co..| Puerto la Crus, | Refinery 30,000 bbis 
Venesuela 
Petréleos Mexicanos Poza Rica, Mex.| Gas Purification, $13 million Contracted Early, 1950 McKee 
-ressure Maint 
Petréleos Mexicanos Salamanca, Mex.| Crude, Gasoil, 25,000 bbis $12 million Under Constr Early, 1950 McKee 
Cracking 
Refinaria de Petréleo | Rio de Janeiro, | Complete 45,000 bbls Authorized Fives, Lille, 
do Distrito Federal Brazil Refinery Schneider, Staff 
S.A 
Refinaria e Exploracao’ Capuava, 8 Thermal Crack- | 20,000 bbis Authorized Pan American Cuech, Fact. 
de Patréleo Paulo, Brazil ing Refinery Hydrocarbor Metal Work & 
Res., Ine Mech. Constr. 
Richmond Exploration! Bajo Grande, New Refinery 35,000 bbls. Engineering June, 1950 
‘o. Venesuela 
Shell Oil of Venezuela. Punta Cardon, Comprehensive | 50,000 bbis. Under Constr Mid 1951 
Venezuela Refining | 
Venesuela Gulf Puerto la Cruz, | Refinery 30,000 bbis. Under Constr July, 1950 Lummus Lummus 
Refining Co. Venesuels 
Venezuelan Pet. Co. Puerto la Crus, | Refinery 35,000 bbls Under Constr 
Venesuela 
Yacimientos Petro Buenos Aires, New Refinery 28,000 bbls. Engineering Late, 1950 Kellogg Kellogg 
liferos Fiscales 
PF Crude Topping, | 50,000 bbis $2.8 miliion Under Constr 1949 Houdry Process | Cat. Constr. 
Gaso Treating Cat. Constr 
Yacimientos Petro- i Crude Plant 3,000 bbls 3rd Qtr., 1949 Foster Wheeler | Foster Wheeler 
lejeros F 
Bolivianos 
YPF Bolivianos Cochabamba, Topping & Re- 5,000 bbis. 2nd Qtr., 1950 Foster Wheeler Foster Wheeler 
Bohvia forming Units 


Europe and Africa | 
Anglo-American Ol Fawley, Eng Refinery Expan- 110,000 bbls. $150 million Under Constr Late 1952 Foster Wheeler | Foster Wheeler 
Ce sion 
Anglo-Iranian Oil Isle of Grain, Wax Fractiona- | 60,000 bbis. $120 milhon Planning 1952 These (Lube Lummus Lummus 
Eng tion ‘nit 
Anglo-Transvaal Vall River, Synthetic Gaso- $50-60 million Contracted Hydrocarbon 
Consolidated In- Union of South line and Diesel Research 
vestment Co Africa Oil Plant 
Anienda Generale Rome, Italy Add to Plant 24,000 bbis. Projected 
Italana Petroli 
Azienda Generale Palermo, Italy Marine Fuel 7,500 bbis. 
Italiana Petroli lant 
*Bataafache Petro- Pernis, Holland | Teepol Plant 25,000 tons per Completed 
leum Mij Year 
*Rataafeche Petro- Pern, Holland P.U.C. Plant 2,000 tons per Jan., 1950 
eum Mi Year 
My. Bataafsche Pet Pernia, Holland | Expansion 50,000 bbls. Under Constr. Mid 1952 
Cabot Carbon, Ltd Ellesmere Port Carbon Black 50,000 Ibs. Under Constr. 1950 Simon-Carves, Simon-Carves, 
Godfrey L. Cabot, Eng Plant Ltd 





ne 
Caltex & Spanish Cartagena, Spain| Refinery 15,000-20,000 Under Constr March, 1951 
Associates bb 
Caltex Pet. Maat- Rotterdam, Complete 20,000 bbis. $18 million Under Constr Feb., 1950 McKee, Badger, | McKee 
schappij N. V Holland Refinery U.O.P. 
Cie. de finage Berre, France Expansion 40,000 bbis Under Constr. Mid 1951 
Shell-Berre 
*Shell Petit-Couronne | Teepol Plant 25,000 tons per Mid., 1950 
ear 
Cie. de Raffinage Petit Couronne, | Lube Unit Planned 
Shell-Berre France 
Cie de Raffinage Petit-Couronne | Expansion 10,000 bbis Under Constr Early 1950 
Shell-Berre Rouen), France 
Cie. Francame de Gonfreville, Lube Unit 2,500 bbis. Projected 1951 7 Kellogg-Lummus 
Raffinage France 
Cie. Francaise de Gonfreville, Distillation Unit | 20,000 bbis. Under Constr 1950 Foster Wheeler Foster Wheeler 
Raffinage rrance | 
Cie. Francaise de Provence, Topping Unit 20,000 bbis Under Constr. 1950 Foster Wheeler | Foster Wheeler 
Raffinage France 
Cia. Espanola de Canary Islands, | Furfural Refin- | 5,000 bbis. $414 million Under Constr Early 1950 Texaco, Stand- Foster Wheeler | Foster Wheeler 
Petroleos 8. A. Spain ing, Solvent ard, N. J 
C.E.P. B.A.) Dewaxing 
Wax Fractn. 
Danish Government Denmark Refinery 21,000 bbis. Planned 
Kgyptian Government! Cairo, Egypt Crude Plant Lummus Lummus 
Industrie Chimiche Mantua, Italy Crude 4.500 bbis 
Italiane Petroli 
Industria Nazionale Massa Carrara, Refinery 40,000 bbis. 
Petroli e Trasforma Italy 
iche 
Industria Petrolifera Milan, Italy | Gasoline, Fuel 20,000 bbls Dr. Calogero 
e Chimica } Oil Plant | Inglogio 
*Imperial Chemical Wilton, York | Petroleum Under Constr 50 Kellogg Kellogg 
Industries, Ltd shire, England Cracking Unit 
Stand.-Asienda Ger Leghorn, Italy Add Capacity 28,700 bbis 
Indro. Comb. | 
Manic 
Ditto (Stanic Bari, Italy Add Capacity 38,300 bbis 
L' Alhance Petrofina Antwerp, Belg Refinery 21,000 bbis. Planned 
Manchester Oil Partington, Cat. Crk., Lube, | 20,000 bbis Projected 
Refinery, Ltd England Reforming 
Monsanto Chemica Britain Add Poly- Design Early 1950 Staff Staff 
o styrene 
National Oil Re- Liandarcy, Crude and 40,000 bbis. Badger Badger 
fineries, Ltd Wales jorm $36 million Designing 
National Oil Re- Liandarey, Furfural Refin- 1,200 bbis. Badger Badger 
fineries, Ltd Wales ing, Solvent 
Dewaxing, 
Wax Feract 
National Oil Re- Liandarcy, 80. Solvent 3,000 bbis. Contracted 
fineries, Ltd Wales | Extraction 
PechelBronn, 8. A. Merkwiller, | Capacity In- 1,550 bbis. Authorised 1950 
E. M rance crease 
Petro Carbon, Ltd. Partington, Cat. Cracker, 20,000 bbis. 
England Lube & Reform | 
Petro Chem., Ltd. Partington, | Petro Chemicals 2,000 bbis. $16 million Under Constr. Petro-Carbon Petro-Carbon 
Philblack, Ltd. Avonmouth, Carbon Black 137,000 bbls $5 million Contracted | Phillips H. W. P. 
England Plant | 
Porto Marghera Refg... Venice, Italy Enlarging Crude Contracted H. W. P. 
U 


mit 
Raffinerie Belge de Antwerp, Thermal Crack., $2 million Under Constr Late 1949 Barnes Barnes 


Reforming and 
Gas Plant | | 
Raffineries de Petrole | Bee Ambes, Refinery 13,000 bbis $7.8 million Reconstr Early 1950 U.0.P., McKee | McKee 

dela Gironde __ rance cae 


Petroles S.A. Belgium 
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REFINERY AND OTHER PLANT CONSTRUCTION (Continued) 


Daily 


Project pacity 


COMPANY 


Plant Site 


100 bbis 


neria di Nape 
SS. P.A 
Raffineria di Napol 
Raffinerna di Napx 
Raffinene Sreilane 
Oli Minerah, S.A 


Scottish Oils, | 


Seottieh Oils, Ltd 
cal Mig 


*Shell Cher 


( Led 
Shell Refining & Mar 


ketang ( d 
Shell Refining & Mar 
keting Co. Lad 
Soeété Generale des 
Husles de Petrole 


Soneté Generale 


Furfural Refin- 
ng, Solvent 
Dewaxing, Wax 
Fractionatx 

Crack 
Belgium ag Reforming 

San Martino di | Refinery 

Trecate, Italy 


Soerété Generale 
Crude 


Raffinena Pada 
Ola Mineral 
Socony-Vacuum Notre Dame 


Francame 


je | Contact Plant 


MEK Unit 


Socony-Vacuum 
Francawe 
Soeony-Vacuum Propane Deas- 

n halting 
= je | Grease and 

C Compounding 
Dewaxing r 


Francawe 
Socony-Vaecuu 
Francaise 
Standard Francames 

des Pétroles 
Standard Francames 

des Peétroles 
Standard Ohl (« 

NJ 


1,000 bbis. 
Deasphalting 2,000 bbis. 
Phot 
Re finery 33,000 bbls 


Koppar- Trans ( 


Trent Oil Prod 
Development ( 
I n Petrol Refinery 


Near East 

lraman © 

~lranan (hi 
Iranan (hi 
American 


25,000 mef 
BO, ( ibis. 
400 bbls 
1,500 mef 


300,000 bbis. 
Amencan 20,000 kw 


Aralman Ameriear Add Power Gen- 10,000 kw 
Ou Cx at erating Unit 
Refinery 


Babrein Pet 
Bahrein Pet. ( 


Haifa, Palest 
Haifa, Palest 


Consolidated Ref, Lt 

Consobdated Ref., Ltd 

Consolidated Ref., Ltd 

Kuwait Oi Ce 

Far East 

Bataafeche Pet Mij Balik papan, 
Borneo, Last 

1 


Haifa, Pasestine 

Fahahi!l Kuwait 

Expensior 

Shell 
al Plant 
ent De- 


& 


Oceana 


Estimated 
est 


$4 to $8 milhon 
$20 mubon 


$4,800,000 
$9,400,000 


$1,750,000 


$8.3 million 


$9.1 million 


Status 


Desigrung 


Proposed 
Under Constr 


Design 
Demgn 
Under Constr 
Planned 
Planned 
Planned 


Under Constr 


Plans approved 


ler Constr 

I oder Cor 
oder Constr 
Under Constr 


ler Cor 
ude str 


ransportatior 


Probable 


Completion Licenser 





Early, 1950 


Late 1949 
Dee, 1949 


Farly 1950 


Early 1950 


Early, 1952 
Mid 1953 
Late 1949 
Mid 1950 Kellogg 
Lummuas, Ke 


(ORR 


Texaco 


Mid 1951 


Mid 1949 


Mid., 1950 
Mid 1950 


Mid 1950 


1949 
July-Sept., 1949 
July-Sept., 1949 
July-Sept., 1949 
1949 

Oct. 1949 

June, 1950 
1950 


Texaco, Jwik 


Max Miller, 


Socony-Vacuum 


rT Bellows—W. 8 

Brown & Root Construction Ce 
Construction Service Co 
ry Fluor 


ts 
P.— Head Wrightson 


Laughhn Supply ¢ 
immus 


Sehneider & Cie 


Bellows Cc 


Fluor Corp 
Graff 
Processes, Ltd 


Eng. — Petrolean 
Process Constructior 


Engineering 


Kellogg 
Lummus, 


(ORR 


Lummus 


Staff 


Lummus 
Lummus 


Staff 


Badger 

Foster Wheeler 
Badger 

Fluor 


Staff and Fluor 

Staff and Fluor 

Staff and Fluor 

Bechtel 

U.0.P., Bechtel 
Lummus., 
Bechtel 
Badger 

Badger, Ltd 


Lummus, Kellogg 
Badger 


Badger 


Max Miller 


Cat. Constr 
Delta 
Foster Wheeler 


ngineering Ce 


Hydro Re 


M. W. Kellogg C: 


Blaw-Knox 
Catalytic ( 
Delta Engineering Corp 


Coatracter 


Staff 


Lummus, ke 


Logg 


I 
immus 


Hadger 

Foster Wheeler 

Badger 

Staff and Fluor 

Staff and Fluor 

Staff and Fluor 

Bechtel 

International, 
Bechtel, Ine 

Badger 


Lummus, Kellogg 


Badger 


Blaw-Knox 
onstrue- 


Foster Wheeler 
Hammond 
Hydrocarbon 


Mason Brothers Construction Co 
sine Ine 


Petro— Petro- 
Refinery En- 
s 


Walco Engineerit 





Fluor 


a 

( le ‘SECTS — Whatever your Off-Site requirements—balanced steam 
and electrical systems . . . interconnecting process piping and 
stale rack structures . .. water disposal and fire protection systems 
( yf {-. | | e ---foads, rail spurs and loading racks for product handling... 
warehouses and tank farms for storage—Fluor will design, 
construct and install these facilities for maximum efficiency 

and economy. 

Experienced Fluor Engineers, together with perma- 
nently employed Fluor key construction personnel, are avail- 
able to handle any or all Off-Site Facility work necessary for 
successful on-stream operation of refineries, gas-gasoline 
processing units, chemical processing units, power plants, etc. 


electric 


\= 
A) i 
— 
} 


Ms 

aN 
- 
\ 


* 
} 
Ss 


disposal 


Fluor's combined engineering and construction service 
relieves plant operators from periodically building up large tem- 
porary construction staffs and effects large savings and reduces 
administrative problems. 


Designers and Constructors of Refinery, Chemical and Natural Gas Processing Units. 


Manufacturers of Cooling Towers, Fin-Fan Units, Mufflers, Gas Cleaners and Pulsation Dampeners. 





THE FLUOR CORPORATION LTD. Los Angeles 22+NEW YORK * CHICAGO * BOSTON * PITTSBURGH * TULSA * HOUSTON * SAN FRANCISCO 


September, 1949—A Gulf Publishing Company Publication 











pH and 


Conductivity 
Control 
with the 


Zletionik Votentiometer 











r 

Tur pH and conductivity of the liquids and solutions you 
use in your plant are mighty important. You can control 
these conditions easily and automatically with the Brown 
ElectroniK ...the instrument of unmatched speed and 
extreme accuracy ... the instrument with the moving parts 


in vacuum tubes and its contact points in mereury switches. 


You get control that not only reduces production costs but 
also improves quality and cuts down product rejects. In 
addition, it reduces maintenance and waste disposal costs. In 
all cases it writes a record of what has happened—a mighty 


handy proof of your plant practices. 


MINNEAPOLIS-HONEYWELL REGULATOR CO. Catalog 15-12 describes the ElectroniK and 
us application to the control of pH and 


BROWN INSTRUMENTS DIVISION conductivity. Write for your copy twday. 
4498 Wayne Ave., Philadelphia 44, Pa 


Offices in principal cities of the United States, Canada and throughout the world 





FOR THE PETROLEUM INDUSTRY 








Lubricating 
Oil Additives 


PART IV—-OXIDATION INHIBITORS 
AND DETERGENTS 


V. A. KALICHEVSKY 


Consulting Chemical Engineer 


Magnolia Petroleum Company, Beaumont, Texas 


Lusricatinc oils are often re- 
quired to withstand extremely severe 
conditions in service without showing 
an appreciable deterioration in their 
properties. This deterioration may be 
evidenced by formation of oxygenated 
compounds, mainly of acidic type, 
and by deposition of sludges and car- 
bonaceous materials. As a result the 
neutralization number of the oil begins 
to increase, the color darkens, carbona- 
ceous particles. appear in colloidal 
suspension, viscosity rises arid related 
oil characteristics begin to show a sim- 
ilar degradation. Refining with sul- 
furic acid or solvents improves the oil 
stability up to a certain limit which 
depends also on the source of the crude 
oil, In general, increase in severity of 
treatment reduces sludge formation 
but raises the tendency to develop acid- 
ity. The treating conditions are, there- 
fore, adjusted so as to secure a product 
of optimum quality for the type of 
service for which the oil is intended. 
However, the degree of improvement 
that can be secured in this manner is 
not always sufficient to meet the de- 
mand imposed on the oil industry by 
the equipment manufacturers and the 
refiner has to resort to the use of vari- 
ous additives to protect the oil from 
rapid deterioration. 

The problem is complicated by the 
difficulties encountered in testing oil 


A VERY large number of substances has 
been suggested for protecting lubricating 
oils from oxidation and for eliminating 
carbon and sludge formation in service. 
The exact mechanism of their action is 
not always well understood; but it is 
nevertheless possible to divide this class 
of additives broadly into oxidation in- 
hibitors, corrosion inhibitors and deter- 
gents which are described in this article 
although many of them are multi-func- 
tional in their actions. A list of patents 
covering various compounds suggested for 
these various uses is attached. 


September, 1949 


Twin Towers of Socony- 

Vacuum’s New Solutizer 

Unit at its East St. Louis, 
Hil., Refinery. 


stability. Tne chemical reactions in- 
volved are very complex and, it must 
be admitted, not too well understood. 
The various hydrocarbons of which 
the oil is composed are not alike in 
this respect. Furthermore not all of 
them behave alike under different test- 
ing conditions, and the speed of the 
many reactions involved is likewise not 
uniformly accelerated with the in- 
crease in test severity. For these rea- 
sons two oils subjected to different 
oxidation tests may show a reverse 
order of stability, This demonstrates 
that final testing of lubricants should 
be done in the field and that special 
care must be exercised in choosing 
oxidation tests for specification pur- 
poses, Otherwise situations may occur 
as they did in the past when the qual- 
ity of an oil with respect to service 
performance had to be deteriorated in 
order to meet some poorly chosen lab- 
oratory oxidation or engine test speci- 
fication. 

A lubricant may have to withstand 
a variety of conditions in service. For 
instance it may be exposed to either 
very high or very low temperatures. 
It may be surrounded with an oxidiz- 
ing or reducing atmosphere and may 
have to withstand the action of some 
specific chemical. It may be brought 
in contact with metals or catalytically 
active surfaces. It may be used in some 
other manner which might have a pro- 
nounced effect on the course of the 
reactions involved in its eventual 
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breakdown. Besides the operating con- 
ditions may change within relatively 
wide limits, such as in driving auto- 
mobiles, which introduces additional 
complications for the lubricating oil 
manufacture, 

Metals with which the oil may be 
brought in contact differ in their cata- 
lytic activity. Even the same metal will 
vary in this respect depending on the 
state of its surface. A relatively poorly 
refined oil may coat the surface with 
sludge thus neutralizing the catalytic 
action while a highly refined one may 
not form such a protective film under 
experimental conditions. Thus an in- 
herently more unstable product might 
actually appear as the better of the 
two in some of the oxidation tests. 

A variety of additives may be added 
to an oil in order to insure cleanliness 
of the engine and to protect the oil 
from deterioration. The empirical 
methods used for selecting such addi- 
tives and the little understood mech- 
anism of their action resulted in a 
highly complicated nomenclature and 
many controversies regarding defini- 
tions on which classifications are 
based. In addition the multifunctional 
effect of some of the additives tends to 
obscure the over-all picture still fur- 
ther. However, it appears possible to 
separate them into the following gen- 
eral groups: 

a) Oxidation inhibitors which pro- 
tect the oil from oxidation by the at- 
mospheric oxygen, 





b) Corrosion inhibitors which form 
a protective film on metal surfaces in 
order to reduce their catalytic action. 

c) Detergents which assist in main- 
taining engine cleanliness by insuring 
complete combustion of partially oxi- 
dized oil or by preventing formation 
of carbon deposits or by keeping the 
sludge in colloidal suspension. 
a) Oxidation Inhibitors 

Until relatively recently, oil stabil- 
ity has been associated solely with the 
inherent ability of hydrocarbon mole- 
cules to withstand oxidation. The re- 
fining were intended to 
eliminate from the finished product 
all of the unstable compounds present 
in the crude fractions, This conception 
prevailed until the classical work of 
Moureu Dufraisse' revealed the 
existence of oxidation inhibitors, or 
substances which are capable of pro- 
moting or retarding oxidation reac- 
tions even when they are present in 
exceptionally small quantities—a few 
tenths and often only a few thou- 
one percent. They also 
the same substance may 


processes 


sandths of 
showed that 
act aS a promoter or as a retarder de- 


pending on the concentrations em- 
pioyed, nature of other substances 
present in the oil and oxidation con 
ditions, 

These findings instigated numerous 
studies aimed at finding commercially 
use with pe- 


They were first ap- 


attractive inhibitors for 
troleum products 
plied to gasoline in order to reduce 
and deterioration of 


The « omplexity of 


gum formation 


color in storage 


the involved phenomena was soon 


realized when it was found that cer 
tain inhibitors may act as retarders in 
gum formation and at the same time 


have no effect or even a deleterious 


action on gasoline color or vice 
versa, As it could be expected from 
the basic 
Moureau and Dufraisse, it became evi- 
dent that differed in their 


inhibitor response and that it was im- 


pring iples developed by 
gasolines 


portant to carry out the experimental 
work under conditions approaching as 
closely as possible those encountered 
in service 

The complex composition of lubri 
cating oils was a considerable handi- 
cap to the development of suitable 
commercial inhibitors. In carrying out 
these investigations it was soon dis 
covered that the degree of refining to 
which the oils were subjected has a 
great influence on the inhibitor re 
sponse. Thus medicinal and 
heavily treated oils are very suscepti- 
ble to the action of inhibitors. and a 
large number of 
employed to improve their tendency to 
develop acidity on oxidation. On the 
contrary, few if of the inhibitors 


similar 
may he 


substances 


any 


have a marked effect on unrefined or 
mildly treated products. Such behav- 
ior of semi-refined oils may be ascribed 
to the differences in the nature of oxi- 
dation reactions to which the various 
oxidation constituents are susceptible, 
and to the fact that for oils containing 
widely different classes of hydrocar- 
bons, more than one inhibitor may be 
required to protect them from oxida- 
tion. However, known 
which are capable of protecting some 
of the rather lightly refined oils for 
relatively long periods of time. 


inhibitors are 


One of the important considerations 
in selecting inhibitors is the tempera- 
ture range to which the oils are ex- 
posed in service, An oxidation inhibi- 
tor which is effective for protecting oils 
at relatively low temperatures may be 
of little or no value at high tempera- 
tures, This may be attributed to sev- 
eral causes. Inhibitors are, generally. 
comparatively reactive substances. The 
degree of their reactivity which deter- 
mines also the extend of their protec- 
tive action varies with temperature. 
For this reason each inhibitor has its 
own temperature range of maximum 
effectiveness. In accelerated laboratory 
tests where the conditions are much 
more severe than in actual service the 
protective action of many inhibitors 
may not be discovered, On the other 
hand an inhibitor which is satisfactory 
in these tests may not be sufficiently 
active under milder conditions to 
which it is exposed in service. The 
failure of inhibitors to provide proper 
protection under all conditions may 
also be explained by the differences in 
the nature of the reactions at different 
temperature levels, because slow reac- 
tions at low temperatures may become 
the predominant ones at high tempera- 
A very large number of oxida- 
tion inhibitors has been proposed as 
shown in Table 11, (See appendix.) 
Many of them are multifunctional and 
may act also as corrosion inhibitors or 
detergents. Hamilton and Keyser? list 
types of oil stabilizers which have been 
used in commercial motor oils as fol- 
tri-butyl-phosphite, tri-pheny]- 
phosphite, tri-p-tertiary amyl phenyl 
phosphite, alkyl phenol sulfides, sul- 
furized fatty sulfurized terpenes. 
reaction products of phosphorus sul- 
fides with olefins and fatty oils. and 
other fatty products containing phos- 
be noted 


tures 


lows: 


phorus and sulfur. It may 
that many of the above additives. such 
as phosphorus compounds, are more 
of the nature of corrosion than oxida- 
tion inhibitors as described more fully 
For stabilization of turbine oils 
beta-naphthol, phenyl beta- and pheny! 
alpha- naphthylamines and phenol de- 
rivatives are among the _ inhibitors 
which found practical application 


helow 


Commercial inhibitors are usually 
sold under various trade names. San- 
tolubes 394-C and 395, the properties 
of which are listed in Table 12, are 
both anti-oxidants and corrosion in- 
hibitors. 

TABLE 12 
Properties of Santolubes 394-C and 395 


PROPERTY Santolube 394-C | Santolabe 395 





Specifie gravity 1.03 
SUV at 210° F 145 
Sulfur, percent 

Phosphorus, percent 


0.985 
78 
as 
0 


Versatility of these inhibitors may 
be demonstrated by the fact that San- 
tolube 395 in addition to minimizing 
acid formation, sludge and varnish 
deposition, and inhibiting bearing cor- 
rosion and oil thickening, also im- 
proves the pourpoint of the oil, The 
pourpoint reduction might be 30° F. 
or more for concentrations of inhibitor 
of one percent or less. Santolubes 520 
and 222 are barium and magnesium 
compounds, respectively. 

Paranox 441 is a tri-alkyl phenol 
type of an inhibitor (2.6-ditertiary- 
butyl-4-methy! phenol). It is a crystal- 
line solid melting at 150-160° F, The 
inhibitor is recommended for turbine, 
hydraulic, transformer or other highly 
refined oils and for stabilizing color 
and odor of waxes. Paranox 492 is a 
high molecular weight primary amine 
used for stabilizing the color of acid 
treated pale oils. 

Ionol, a butylated cresol mixture, is 
used in highly refined turbine oils or 
similar stocks, GX-3 inhibitor manu- 
factured from meta- and para-cresol 
finds similar application. Caleo MB 
which is tetramethy! diamino dipheny] 
methane is another turbine oil inhibi- 
tor. Some of the Lubrizol additives 
are also recommended as oxidation 
inhibitors as well as a number of 
other commercial products. 


bh) Corrosion Inhibitors 

The difficulty of differentiating be- 
tween an oxidation and a corrosion 
inhibitor is self-evident, particularly 
because the beneficial effect of some 
substances may be due to more than 
one reason. Passivation of the metal 
surface by sludge deposition is gener- 
ally not desirable. The resulting films 
are easily removed mechanically and 
while the oil appears stable in some 
of the oxidation tests it may deterio- 
rate rapidly in service. 

A true corrosion inhibitor must 
form a thin film on the metal surface 
by combining chemically with the 
metal. The chemical compound of 
which the film is composed must not 
only be catalytically inactive but also 
protect the rest of the metal from fur- 
ther action of the inhibitor. The film 
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should not be easily removed and 
must adhere tightly to the metal. 

Compounds of phosphorus were the 
first typical corrosion inhibitors which 
found commercial application. They 
were developed as soon as the solvent 
refined oils appeared on the market 
after it was discovered that such oils 
had a tendency to attack metals, Since 
that time the number of substances 
recommended for this purpose has in- 
creased considerably, as shown by the 
information presented in Table 13. 
(See appendix.) 

Commercial additives which may be 
classified as corrosion inhibitors in- 
clude Santolube CC which is an or- 
ganic phosphite, Paranox 12—a sul- 
furized olefin, Lubrizols 728, 729, 739, 
740 and others. 


c) Detergents 

This group of lubricating oil addi- 
tives is characterized by their ability to 
keep the engine clean. Hamilton and 
Keyser? point out that the term “de- 
tergent” is a misnomer because com- 
mercial detergent additives do not pos- 
sess true detergent properties to any 
considerable extent. However, the 
name is retained because of its com- 
mon usage. 

The use of oxidation and corrosion 
inhibitors alone is not always suffi- 
cient to insure engine cleanliness and 
freedom from sludge deposits. Sever- 
ity of service conditions may be such 
that anti-oxidants are unable to pro- 
tect the oils from deterioration. This 
has been encountered to a very marked 
extent in operating diesel engines but 
it was later found that other engines 
may present similar problems though 
to a lesser extent. 

The action of detergents may de- 
pend on several factors. They may ac- 
celerate combustion of lubricating oils 
in the cylinders and thus eliminate con- 
tamination of the main body of the oil 
with partially oxidized products con- 
ducive to sludge formation, An ideal 
additive of this type would be inert at 
normal temperatures and exhibit its 
catalytic properties only at the high 
temperature levels. It was actually ob- 
served that detergents promote oxida- 
tion of the oil and corrosion of bear- 
ings but at the same time lessen sludge 
and formation, This clearly 
indicates that instead of being oxida- 
tion inhibitors, detergents are oxida- 
tion accelerators. 


carbon 


Detergents may assist in dispersing 
sludge particles in the oil thus pre- 


venting them from settling out and 
forming solid deposits. Additives 
which are of particular use in this 
connection are sometimes referred to 
as “dispersants” or “antiflocculants.” 
Laboratory tests 


were proposed to 
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evaluate this quality of lubricants but 
their correlation with engine perform- 
ance is not yet firmly established, Mc- 
Bain and Richards* ascribe solubiliza- 
tion of insoluble organic substances to 
their incorporation within and upon 
the colloidal particles or micelles of 
the soap or detergent. They find that 
solubilization decreases rapidly with 
increase in molecular weight or vol 
ume. Polar compounds are more read- 
ily solubilized than hydrocarbons, and 
various detergents differ considerably 
in their solubilizing power, each fa- 
voring some particular substances for 
exhibiting its best solubilizing prop- 
erties, 

Finally it is conceivable that on 
combustion detergents which are me- 
tallic compounds remain in the car- 
bonaceous residues as the respective 
oxides, This renders the engine depos- 
its fluffy and they are easily eliminated 
from the cylinders with the exhaust 
gases. 

The above discussion shows that de- 
tergents may differ in the mechanism 
of their action, and that it is quite 
possible that the present nomenclature 
may undergo certain changes in the 
future. 

Calcium naphthenate was the first 
detergent used commercially. Very 
soon derivatives of barium, potassium. 
nickel, cobalt and zine found similar 
application. Calcium dichlorostearate 
found considerable application as well 
as the Ten-ol compound obtained by 
condensing an unsaturated aliphatic 
acid with an aromatic hydrocarbon 
in the presence of aluminum chloride. 
distilling the mixture and saponifying 
the distillate with lime.* The organic 
acids commonly used for preparation 
of detergents include highly alkylated 
phenol sulfides, petroleum sulfonic 
acids, highly alkylated benzoic, sali- 
cylic or benzene sulfonic acids, par- 
tially hydrolyzed reaction products of 
olefines and phosphorus pentasul fide 
and di-substituted di-thio-phosphoric 
acids.* Various substances recom- 
mended for use as detergents are enu- 
merated in Table 14. (See appendix.) 

The large variety of metals which 
can be employed for this purpose 
raises the question whether the nature 
of the metal is of primary importance 
in the performance of detergents, 
while the number of organic 
radicals which may 


large 
be used in com- 
bination with metals suggests that their 
main function is to render metals sol- 
uble in the oil. However, a considera- 
ble amount of experimental work 
would be required to reach valid con- 
clusions on this subject. 

Santolube 203-A is a metallorganic 
compound which has a specific gravity 
of 0.96. a Saybolt Universal viscosity 


1 Gulf Publishing Company Publication 


New Fractionating Tower being Installed at 
Socony-Vacuum’s East St. Louis, Ill., Refinery. 


of 65 seconds at 210° F. and contains 
5.0 percent barium and 1.2 percent 
sulfur. The compound is added to lu- 
bricating oils to reduce lacquer for- 
mation, sludge deposition and ring 
sticking. In addition to detergent qual- 
ities it is also a pourpoint depressant 
as shown by the data presented in 
Table 15, 
TABLE 15 


Pourpoint Depressant Characteristics of 
Santolube 203-A 


ASTM POURPOINT OF 
Mid-Continent SAE 30 Grade 
Moter Oil 


Santolube 203-A 
Percent Weight 


Santolube 203-A is always used in 
combination with Santolube 394-C 
previously described, in order to im- 
part oxidation resistance to the min- 
eral oil and to inhibit bearing corro- 
sion. Such blends are sold under the 
names of Santolube 204 and Santo- 
lube 205. 

Santolube 303-A is a_ sulfurized 
barium derivative of a wax-phenol 
compound having a 19° API gravity, 
410° F. flash point, +-5° F. pour test 
and Saybolt Universal viscosity of 100 
at 210° F. It contains about 4 percent 
barium and 0.9 percent sulfur and 
similarly to Santolube 203-A is used 
in combination with Santolube 394-C. 
Such blends are marketed as Santo- 
lube 570-X-4. However. other combi- 
nations of the two inhibitors may be 
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required depending on the nature of 
the mineral oil. 

Paranox 62 contains barium, cal- 
cium, phosphorus and sulfur. It is a 
viscous liquid of 430° F, flash point, 
170 Saybolt Universal viscosity at 
210° F. and weighs 8.42 pounds per 
gallon, It is recommended for heavy 
duty and for motor oils. Paranox 105 
contains barium, phosphorus and sul- 


fur, has a flash point of 430° F., a 


Saybolt Universal viscosity of 160 at 
210° F, and weighs 8.63 pounds per 
gallon. Its uses are similar to those of 
Paranox 62 

Other commercial products include 
Lubrizols 743 and 748, Aerolubes 76, 
77 and 78 which contain zinc com- 
pounds, various Stan-Adds, etc. Most 
commercial detergents contain also 
anti-foam agents which are described 
later. 


(End of Part IV. Part V will appear 


in an early issue.) 


BIBLIOGRAPHY 


*Moureu, C. and Dufraisse, C 
174, 258-64 (1922) 

2? Hamilton, L. A. and Keyser, P. V. Jr., 
Natl. Petroleum News, Mar. 6, 1946 8 
*McBain, J. W. and Richards, P 
Eng. Chem. 38, 642-6 (1946) 
*Voback, A. D. and Fiarlie, If me Congr 
mondial petrole 3, Sect. 4, 458-70 (1937) 
*Tonkha, K. K Losikov, B. V. and Khalif 
A. L., Neftyanoe Khoz, 24, No. 11, 54-8 
(1946), find that with Santolube 303-A a 
highspeed diesel engine remained free of 
carbon deposits after a 350 hour test 


Compt. rend. 


Ind 





APPENDIX 





SUBSTANCE | U.S. Patent Date 


TABLE W 


Oxid. Inketted 





SUBSTANCE 


Inventor 


Date Inventor 


U.S. Patent 





Hydrocarbon Compounds 
Cracked distillates 


Hydrogenated rosin oi! 

Hydrogenated sulfur dioxide extracts 

Polymers of coumarone or indene 
remns 

Resin concentrates 

Retene 

Rosin 


Solvent extracts 
Solvent treated extracts 


2,191,089 
Hy 191,338 


White oi 


Oxygenated Compounds 
Acetophenone or bensopbunone 
Adipie acid 
Alcobols containing alicvelic nucleus 
or esters 

Alkyl maleve verd 

Alkylmalone acid 

Alkyl! suceinie, lauric or similar acids 

Alkyl! or alkylene succinic acid 
nay! p-anisidine 

Beta-naphthol 

Cetyl aleohol 

Dialkyleyclobery! phenol 


279,688 
368,602 


Di-alpha-naphthylether 

Dibuty! phthalate and petroleum 
extract 

Drearboxylie acids 

2 4~timethy!-6-tert-oety! 

haters containing a keto 


phenol 
grour 


Faters of monocarboxylic acids 
Faters of tartaric acid 
Glycerol or isopropy! alechol 


Monobydroay sleohols 


Napbthol 


Olefin and phen t 


| reaction produc 


Phenol derivaties and adipic acid 
Pheny! ether 

Pheny! stearate 

Preozidized alky! naphthalene 
Pyrogallol 

Quinbydrone 

Sableyhe acd 

ity leatech« 
hibitor 


Soybean oil and trit 
Stearic acid and a pheno 
Stearic, laurie or myristic ‘acid 
Styrene and an unsaturated ester 
copolymer 
Tertiary but 
p-~cresols 


Wax-beta-naphthohe acwi 


ylether of o-tert-buty 


Cempounds of Sulfur and Related 
lements 
Acetone dibenay! mereaptol or me 
captal 

Aliphatic hydroxy sulfides 

Alky! disulfides 

Ary! sulfides and sodium chloride 230,542 

teaction product 
Bensy! thiocyanate 2,296,433 
Bie (alkylphenoxy carboaylic acid 2,381,854 


diaulfic 
Bis (pentadecylphenol) disulfide 2,374,559 


Branehed chain alky! mercaptans 2,382,700 
Dialky! polysulfides 2,192,874 


Dialky! selenides 2,308,415 


Diamylmereaptodimethy! ether 2,326,483 


Dimethy! sulfone 
von Fuchs, G. H. and 
iamond, H Diamy! trisulfide 

Reed, C. L. 

van Peaki, A. J Diary! sulfide 

Snyder, . HLS. and 
Puller, E 

von Fuchs, G. H. and 
Diamond, H. 


Dibensothioxin 
Dibutyl sulfide 


Di (lauryl phenol) disulfide 

Dimercapty! diethyl ether 
r, B. 

1B. — ‘carr, D capto) hexane 


E. 
Loane, C. M. and 
Shoemaker, B. H. 


monosulfide 
Dipheny! disulfide 


disulfide 


Horsch, W.G. 
H. 
R. and 
R 


Gleason, A 
Van Fas, P. 
White, E. 


Ethyl-, propyl-, 


electric discharge 
‘ Iscamyl-, 
Trautman, C. E. disulfide 
Fuller, E. W. 
Story, B. W 
Stevens, D. R. and 
Gruse, W. A. 
Van Eas, P. R. 
Bray, U. B pounds of sulfur, selenium 
lurium 
White, E. R. Organic disulfides 
Luten, D. B., Jr 
Clayton, J. O. and 
Farrington, B. B 
Johnston, Organie selenium and 
compounds 


droxy and a pheny! group 


aromatic hydrocarbon 
Phenol polysulfide 
Pheny! disulfide derivatives 


fur petroleum fraction 


Merr it, D.R 
Larsen, R. G. and 
Armfield, F. A. 
Rogers, T 
Smith, W 
Archibald, t M. and 
Harris, C. A 
Masher, 3 
Roechini, A. G 
Cook, E. W 
Gleason, A. H 


Sulfur 
Sulfonated oxidized wax 


Sulfonie acids 


Wasson, J. I. and 
Prophet, J., Jr 
Reiff, O. M 


ated cardanol 
Sulfurised cardanol 
Sulfurised eardanol ether 


eating 
Moran, R. C., Reid, F 
E. and Hamilton, L. A 
Wasson, 
Story, B. W. and 
Puller, E. V 
Meinart, R. N. and 
Whiteley, J. N., Jr 
Frey, D. R. and 
Smith, A. K. 
Reif, O. M 


affin 
Sulfurized olefins 


Morris, J. R. and 
Me( a ha R. F 
Eby, 
Setih. “H.C. and 
Cantrell, T. L. 
Denison, G. ry Jr. and 
Condit, 
Moran, R. C 


Sulfurized sperm oil 


phenol 


Thioearbonate 





Diisobutylphenol and alky! thioether! 2 


2.5-dimethy!-2.5-bis (phenylmer- 


Di-tert-amy! dihydroxy<diphenol 


butyl- or amyl- 
thioether of anthraquinone 
Hydroxy ary! compound of sulfur 
or selen‘um subjected to a silent | 
butyl- or methyl-pheny! 
Multibridged thioalky! compounds. | 
Normal buty! ester of ethy! rantho- 


gen acetic acid and similar com- 
or tel- 


Organie esters of selenic acid 
tellurium 
Organic sulfides containing a hy- 


Organic sulfides and a polynuclear 


Polyhydrie phenol and a high sul- 


Polymerization product of rapeseed 
or fish oi] and a small quantity of 
sulfur, selenium or telluriu 

Polymerised and sulfurised ethylene 


Sulfuric or chlorosulfonie acids 
Sulfuric, phosphoric and similar acids 2,202,12 5- 


Sulfurized and partially hydrogen- 


Sulfs urieed aus solvent refined lubri 
Sulf: may insaturated compounds 


Sulfurized unsaturated terpenes 2,417,305 


Sulfurized lard oil or cracked par- 


Sulfurised polymer of isobutylene 


Sulfurized sperm oil and polyhydne 


Sulfurised unsaturated ketones 


Loane, C. M. and 


2,257,969 10- 7-41 
Shoemaker, B. H. 


© 


2,295,053 


e=-eeuNoe 


— bo me tS PhD 


wats 


Di-(2.4-diamylphenoxy-ethanol 


2 "209,463 7-30-40 


Mikeska, L. A. 


Cantrell, T. L. and 
Turner, J. 0. 
10-21-41 | Richardson, R. W. 


2,100,463 3- 1-38 


j 
2,259,861 


1,963,489 6-19-34 | Fuller, BE. W. and 
| Story, B. W 
Farrington, B. B., Kos- 
tainsek, V. M. and 
Denison, G. H., Jr 
Lieber, E. and 


Mikeska, L. A. 


2,346,157 4-11-44 


2,320,287 5-25-43 


2,415,851 2-18-47 | Schulze, W. A. and 
> Ww. 


2,160,881 6- 6-39 H 

Denison, G it, Jr. and 
Condit, P. ¢ 

Cook, E. W ae 
Moss, P. H 

Diamond, H. 


2,398,414 4-16-46 


2,345,239 3-28-44 | 


one 

Puller, E. 

vant ay i H., 
Gaynor, J. W. and 
Mixon, L. W. 

Wasson, 


2 2350,748 


2,133,493 


m 
2,380,072 
) 999 43 


Reid, J. A. 


Bulkley, R. Hamilton, 
A. and Kalichevsky 


A. 
Loane, C. M. 
28-40 he c o aa 


Mey 
10-15-46 MeChary. R. Y. 
7-21-46 ong J. A. 
)-23-45 | Otto, F. I 
8-29-44 | Henry, R W. 


Knowles, E. C. and 
McCoy, F. C 

Knowles, E. C., MeCoy, 
F.C. and Patterson, 


2,337,473 12-21-43 


3-11-47 


Rosen, R. and 
Thomas, R. M. 

Lincoln, B. H., Steiner, 
W. L. and Byrkit, G 


2,338,669 1- 4-44 


2,218,132 10-15-40 


2,386,222 10- 9-45 | Lincoln, B iH. and 


Byrkit, G. D. 

aaa, F.C. 
Bahike, W. H. 
Ome, F. Fi oo 


Linch Be B it “and 


Byrkit, G D._ 


2,162,398 
2,264,896 


6-13-39 
12- 2-41 


2,419,586 4-29447 


2,369,150 2-13-45 
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SUBSTANCE 


| vs. Patent | 


Date 


TABLE 11 (Continued) 
Oxidation Inhibitors 


Inventor 


SUBSTANCE 


| US. Patent | 


Date 


Inventor 





Trithiodiethylene glycol 
Trithioformaldehyde or trithio- 
Wax oxidized with sulfuric acid 


Hal ed Compou 
inated wax send . con- 

densation product 

Chlorolide, hexachlorodioxane or 
chlorosafrol 

Hewechlorodipheny! oxide 

Methyl chlorostearate and choles- 
terol 


Nitrogen Compounds 
Acy \eubstituted arylene-diamines 


Aliphatic polyamine and butyraide- 
hyde condensation product 
Aliphatic primary amines 


Alkanol amides of unsaturated fat 
acids 


Alkylamine 

Alkylated aromatic acids and an 
aromatic amine 

Amincecetonitrile 

nitrate and 

chloride 

Aromatic-bydroxy and aldehyde- | 
ammonia compounds reaction 





Basic amine resins 

Benzanilide 

iow = le | 
~~ pret thi o)hex- 


Bis-(morpholinomethyt -anilino- 
methyl! phenol 


rer 


represents 
Cyclobexylamine 
Cyelicherylamine naphthenate 


Di-alpha-naphthylamine 
Diaminodiphbenylamine 
Dibuty! cyanamide 
Dieyclohexylamine stearate 
Dilaurylamine 


Dimethyl] or diethy! urea 
Di-4-morpholine monosulfide 
Di-naphthenic amide of ethylene- 
or 1.2-propylene diamine 
Di-o-tolylethylene diamine napb- 


thenate 
Bpopnains, gallic acid or di- 
ty! resorcinol 
Diphenylamine or phenothiasine... | 
Dipheny 
2.6-di- ma ay ry caathahihenel 


and diphenylamine 
Ethyl cyanoacetate 


Ethylene cyanide 
ylene diamine 


Formaldehyde and an ary! amine 
condensation product and par- | 
affin wax 

Methylol-formi aromatic com- 
pound, emalieds and @ sec- 
ondary amine reaction product 

Methyl or ethyl anthre niliate 

Morpholiae derivatives 


Morpholino-methyl-bet .-naphthol 


Naphtheneamide of triethylene- 
tetramine 

Naphtby! amines 

Nitrated oleic acid 

Nitrophenol 

N-phenylphenylene diamine 


Octyl isocyanate, phenyl isocyanate. 
octyl cyanide or benzonitrile 

Para-ethoxyphenylmorpholine 

p-Nitrosomethylaniline or a reac- 
tion product of butyl mercaptan, 
ethylaniline and formaldehyde 

-rimary phenylenediamine and 
triethanolamine 

Quinoline 

Secondary amine, an aldehyde and 
phenol reaction produc 

Soaps of organic amines and fatty 
or naphthenic acids 

Tetramethylammonium naphthenate 

Tetramethyidiaminodipbeny| amine 


Tolidine, dianisidine, 4-amino-<di- | 


pheny! amine, etc. 
__Tolylenediamine 
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2,230,966 
2,196,963 
2,421,040 


2,194,312 
2,262,019 


2,282,342 
2,265,774 


2,402,792 


| 2,279,561 


2,420,068 
2,403,067 


2,209,976 
2,366,074 


2,139,088 
2,119,403 


2,403,453 


2,316,487 
2,225,533 


2,321,578 
2,139,086 
2,282,513 
2,223,411 
2,363,134 


2 oy ey 


2208. 2a 


2,368,022 


2,358,581 


2,220,723 


| 1,045,614 


2,189,788 


2,27 
2,168,674 
2,139,726 
2,281,520-1 
2,354,252 


2,198,961 
2,336,006 


2,366,013 


2,344,886 
2,367,264 


2,308,690-1 
2,187,353 


2- +41 


4 940 
5-27-47 | 


3-19-40 
11-11-41 
5-12-42 


| 12- 9-41 


6-25-46 
4-14-42 
5- 6-47 


wow 


» ©ofoe 


4-30-40 
12- 7-43 


12-26-44 


3-21-44 
1-16-45 


1-19-43 


_1-16-40 


Reid, E. E. and 
Puller, E. W. 


Shields, J. E. and 
Reilly, E. V. 


Loane, C. M. 


| 
Lincoln, B. H. and 
3. D. 


rta, O. E., Jr 
Otto, F. P. 


| Dietrich, M. A 


Lewis, A. W. 
Lewis, A. W. 
Berchet, G. J. 


Herlocker, R. ~" . Klein- 
—_ M. P. 


atkins, F. ML 
Horlocker Ls D., Klein- 
hols, M. P. anc 

tow yt r M. 


| Lewis, A. 

| en bog Fr. ‘B. and 

|  C. J. 
Puller, E. W. and 


Hamilton, L. A 


| McCleary, R. F 


reer, G. 
Herlocker, R. D., Klein- 


hols, M. P. and 
Watkins, 
Cashman, A. F. 


Lewis, A. W 
Lincoln, B. H 
‘reeman, M. W 
Hamilton, L. A. and 

Fuller, E. W 
Loane, C. M. and 

Shoemaker, 3 H 
Cook, 


Puller, E. W. 
Fraser, H. M. and 


Fuller, E. W 
Dunean, G. W 


Lieber, E. 

Burk, RK. E. and 
Hughes, E. C 

Hughes, E. C 


| Lewis, A. W 


A Gulf Publishing Company Publication 








Triamy! . tributyl di- 
butyl 4 on: 
Trinitrated derivatives of benzene, 
cresol, anisole, ete. condensed 
with naphthylamine 
RHNCsH«NO where R is an alkyl! 
aralkyl! radical 


Compounds of Sulfur and Halogens 
and Related Elements 
Alkyl or cycloalky! aryloxy-alkylol | 
and sulfur chioride reaction prod- 


uct 
Bensene or toluene sulfony! chloride) 
Condensation product an un- | 
saturated or halogenated com- 
| 





pound and sulfur 
Halogenated and sulfurised wax 


Mixed organic sulfonyl halides. 


Reaction product of a cardanol ester 
and a sulfur halide 

Reaction product of sulfur chloride | 
and solvent tar 

Sulfur chicride, phenol and diiso- 
butylene .eaction product | 


Compounds of Sulfur and Nitrogen 
Alpha-naphthyldiphenylmethy! 
thiocyanate 


Amines, salts of sulfonic acids and 
——— extract 
—_ compounds 
fl aieboteetionenannel ether.! 
Carbon disulfide and an amine re- 
action product 
Dianiline disulfide 
Dibutyithiourea 
Dipheny! thiourea 
Dithiocarbamate 


Dithiocarbamates and diisoamy!- 
amine salt of diisoamyldithicear- 


ie ac 
Heterocyclic compounds 
Mercapto benzothiasole 


2,331,460 
2,271,940 


2,326,938 


2,299,213 


2,149,788 
2,258,806 
2,348,080 
2,214,379 
2,361,352 
2,193,331 


| ¢ 


2,310,670 


2,425,085 
2,263,273 
2,251,686 


2,162,207 


| 2,200,464 


2,224,158 


2,160,293 


| 2,111,990 


2, ry a 


Mercapto + and dimor- 


pholine polysulfide 
2 lechrenypben -peri-naphtho- | 


Organic sulfonamide | 
Petroleum nitrogen base and a ‘sul- 


Reaction product of iran, 


oct ylamine and sulfur 
Reaction product of urea and a sul- | 
fonated oil 
harin 


Salt of diamino sulfide 





"384 re} 
2,293,237 


2,236,168 
2,305,034 


2,328,190 


| 2,306,971 


2,168,666 
2,311,505 


Semicarbasone or thiosemicarbazone ‘ 


Sulfonate salt and an arylamine. . 


Sulfurised heptaldehyde aniline. . 
Thiodinaphthylamine 
Thiopropionamide 


Thiourea and mustard oil derivatives 2/22 


Tributyl- or thiphenyl- thiazole, 
ete. 


Compounds of Sulfur and Phosphorus 

Arsine disul: 

Degras and phosphorus pentasul- 
fide reaction product or its cal- 
cium or barium soaps 

Diethyl! isoamy! thiophosphinite 

Dithiophosphorie acid of an alkyl- 
substituted phenol 

Diethy] isoamy! thiophosphinite 

Dithiophosphoric acid esters 


Di-tert-amyl phenol disulfide 


Ester waxes treated with phos- 
»horus sulfide and sulfur or sul- 
ur chloride 

Lanolin and phosphorus pentasul- 

fide reaction product or its metal 
salts 


Lecithin ~s Phenyl sulfide reac- 
tion pi 
Lecithin oad _— fatty oil 


Lecithin and sulfurised isobutylene 


tetramer 
Oxidized petroleum wax and phos- 
phorus pentasulfide reaction 
product or its barium salt 


2,154,006 


2,359,063 


2,174,019 


2,386,207 


2,17 4,019 
2,373,811 


2,315,072 


2,415,837 


2,422,630 


2,408,000 


| 10-12-43 


2- 3-42 


43 


} Cattell, A. B. 


F 


Fuller, E. W. and 
Hamilton, L. A. 


James, W. H. and 
uller, E. W. 


| Cook, E. W. and 
T 


homaa, W. D., Jr 
Orr, A. 8. 
Pier, M. and 
Christman, F. 


Lincoln, B. H., Byrkit, 


| Moser, F. 


Tuyn, M, C. 


| Otto, F. P. 
| Hamilton, L. A. and 
F w. 


r, E. 
Mikeska, L. A 
Winning, C. and 

Rogers, D. T. 


Batertes her, D. E., 
randall, G. 8. and 
M 


Shoemaker, B. H. 
Marks, E. M. and 
Johnson, J. W. 


Shoemaker, B. H. and 
Loane, 
Reid, J. A. and 


McConnell, E. B. and 
M. 


M J. 


| Cannon, M. R. 


Archibald, E. M. and 
Harris, C. A. 
Cook, E. W. and 
‘Thomas, W. D., Jr. 
, E.R. 


Loane, C. M. and 
Shoemaker, B. H 
Loane, C. M. 


Van Ess, P. f 
Musselman, i: 'M. 


Sullivan, F. W., Jr 
Reiff, O. M. and 
Andreas, H. J., Jr 
Sullivan, F. W., Jr 
Cook, E. W. and 
Thomas, W. D.fJr 
Nelson, J. F. and 
Rosen, R. 
Musselman, J. M. ana 
Lankelman, H. P 


Musselman, J. a, and 
Lankelma, H. I 


Musher, 8 


Leone, C. M. and 
Gaynor, J. W 

—_— aes M. ona 
Gaynor, J. W 

Puller, . 'W., Redman, 
I . and Berger, H. 

G 





TABLE 11 (Continued) 


Orxidati inhibi 
s 





SUBSTANCE U.S. Patent Date Inventor 
M Reaction product of lactic acid and | 2,251,953 8-12-41 | Prutton, C. F., Smith 
phosphorus trichloride A. K. and Frey, D. R 
Reaction product of ortho-hydroxy | 2,373,286 4-10-45 Badertacher, D. F 
phosphor: Williams, R. H. and 
Berger, H. G 





U.S. Patent Date Inventor 


Musselman, J 


SUBSTANCE 
Oxyaenated | 
acids and 


r its metal salt 
J penta be re- 
ith salicylic acid 
39 | Shoemaker, B. H. and 
M 


Phosphite and tbioy 
i} ye t i ar tu 
5 1 k ri-t chloropropy! phosphite 2,169,185 
oane, ( 
Iphosphonium iodide | 2,360,623 O Rosen, R 
hosphate and chlorinated | 2,245,649 Caprio, A. F 


yl 


Compounds of Phosphorus and 

Nitregen 

te and cyclobex ylamine 

f esters and amides of 
| 


nd tritolyl phosphite 
diaminediphenyl 


hex 
id phosphate 
alkylated phenols 
product of fatty amines 
1 phosphate esters of al- 
henols 
t of a hydrogenated 


material and ar 


gen and Chlorine 


Compounds of Nitro: 
r of a dichioroalky 


ylaniline 

Compounds of Sulfur, Nitrogen and 
Chierine 

t of su t 4.. Fuller 
" thylphenyla: W. and Berger, H 
Compounds of Sulfur Phosphorus 
and Chierine 
terials ated with sul 


Compounds of Sulfur. Phosphorus 
and Nitrogen 


Compounds of Nitrogen, Phosphorus 
and Chiorine 


Compounds of Sulfur, Chlorine 
Nitrogen and Phosphorus 





TABLE 13 


Corrosion Inhibitors 
SUBSTANCE U.S. Patent Inventor 


SUBSTANCI 


Compounds of Phosphorus, Arseni 
Antimony and Bismuth 








SUBSTANCE 


U.S. Patent Date 


| 


TABLE 13 (Continued) 
Corrosion Inhibitors 


Inventor 


SUBSTANCE 


U.S. Patent 


Date 


Inventor 





Katers containing phosphorus, ar- 
senic or antimony 

Lecithin or cephalin 

Lecithin and an aromatic compounds 

Lecithin and p-creso! condensation 
product 

Lecithin and a phosphite ester 

Lecithin and molasses reaction 
product 

Nitrogenated cephalin 


Phenyl phosphites, benzy! substitut- 
or 


Phosphatide 


Phosphite ester of butyl ether of 
diethylene glyec 
Phosphoric or phosphorus acid esters 


Phosphorus 

Phosphorus pentoxide, turpentine 
and aleohol reaction product 

Soybean phosphatides and soybean 


on 


SUBSTANCE 


2,321,575 6-15-43 


is-44 
1-40 
25-44 


3-40 
42 


2,403,284 
2,241,244 


1,234,862 
2,311,305-6 
2,356,073 


2,374,682 


U.S. Patent 


Clayton, J. 0. and 
Farrington, B. B 

Becker, 5. 

Musher, 8 

Musher, 8 


Musher, 5 
Musher, 8 


Trueger, E. and 
Sprarue, B.S 
Carswell, 


Hall, F. W. and 

Towne, C. ¢ 
Jackobs, J. J 
Conary, R. E. and 

Ashburn, H. V 
Adams, C. FE. and 

Shoemaker, B. H 
Brown, A. L 
Ritchey, H. W 
May, R 


Julian, P. L. and 
Meyer, E. W 





Sulfurized lecithin or cephalin 


Tetrapheny! diphosphine 
Trialicyclie ester of phosphoric acid 


Triary! phosphite 


Triphenyl phosphite and crude soy- 
bean oil 

Triphenylstibine 

Triphenylatibine sulfide 

Tri-substituted normal phosphite 
ester of monomethyl ether o 
ethylene glycol 

Tri-tertiary butyl o-hydroxyphenyl 
phosphite 

Tritolylphosphate 


Tritolylphosphate and cety! alcohol 
Tritoly! phosphite and octy! pheno- 
xyethanol 


CeHsN HAs(OCH2CoHs 


TABLE 14 
Metal Derivatives of Detergent Type 


Inventor 


SUBSTANCE 


2,363,133 
2,431,652 


5.819 
"i543 


2,353,558 
2,280,450 


2,337,478 


U.S. Patent 


21-44 
25-47 

941 
31-40 


Loane, C. M. and 
Gaynor, J. W 
Trueger, E 


Rosen, R 

Ashburn, H. V., Conary, 
R. E. and Stuteman, 
P. 8. 


Moran, R. C., Evers, 
W. L. and Fuller, E. W 
Musher, 8. 


Cook, E. W 

Cook, E. W. 

Conary, R. E., Ashburn, 
H. V. and Stutsman, 


P. 8. 
Nelson, J. F. 


Benning, A. F 
Downing, F. P., Benning, 

A. F. and Benton, L. B. 
Gaemski c 


Reuter, R. 


Lincoln, B. H. and 
Byrkit, G. D 


Inventor 





Alkali metal alcoholates 
sulfonates 


1 lecithin 


Alkali metal mahoear 
Alkah metal naphthenates ar 


metal sulfide 
olefin 


phosphorus sulfide reactior 


— or alkah-earth 
itralization prod uet of an 
and 
»roduct 
Alkali-earth metal or magnesium et! y- 
late reaction product with tert-amyl 
hydroxy phenol 
Alkali-earth meta! salt « 
product of a 
and an aldel 
furized sperm oil 
Alkab-earth metal salts 
ac 


f the conder 
substituted 


yde, and sul 
~ mahogany 


metal salts of mc 
and simular acids 


Alkali-earth 
carbamic 


Alkali-earth meta] phenates and zinc 
thocarbamate 

Alkaline-earth metal salts of 
arylsulfonamide 

Alkaline-earth metal salts of phenois 


phenobe 


Alkali-earth soaps 
Alkali-earth metal soaps of hydroxy 
aliphatic acids 
Alkali-earth or alkali metal, sulfur and 
oxygen incorpcrated in an olefir 
= ome 
ali-earth metal petroleum sulfonate 


Al 


Alkah-earth metal tetrathiophosphate 

Aluminum alpha-toluidino stearate 

Aluminum naphthenate and organic 
esters 


Aluminum diphenate 


Aluminum distearate and buty! cari 
tol 


Aluminum naphthenate 


Aluminum salt of tert-amy! pbenol 


Aluminum soap and glycol propionate 


Aluminum sulfonate 


Aluminum or alkal-met 

Aluminum, calcium, mag 
el, or stannous soaps of 
oxidised ‘sweater oil 

Aluminum, ammonium, b ar i u m, 
cadmium, calcium, hydrogen, lead, 
magnesium, mercury wkel tas 
sium, sodjum or zine salts of wax 
substituted diary! dithiophosphorice 


ac 
Aluminum, barium, berillium, boron 
cerium, cesium, chromium, cobalt, 
copper, iron, lants mn, nickel 
m, platinum, 

tungsten ira 


moly bdenu 
thorium, 

nium, vanadium, z 
beta-diketones 


r sirconium, 


September, 1949 


A Gulf 


2,057,212 


2,125,305 


2,221,162 


2,377,955 


2,413,311 


2,371,319 


2,412,903 
2,395,105 


2,300,943 


2,262,526-¢ 


2,320,241 


2,330,900 


2,402,288 


2,211,972 
2,281,623 
2,144,855 


2,144,078 
2,362,290 


2,198,851 


2,234,005 


», 280,705 


2,356,340 


2,365,938 


Shoemaker, B. H. and 
Taylor, K 
Murphy, T.G 
Ashburn, H. V. and 
Alsop, W.G 
Mixon, L. W. and 
.M 


Loane, ( 
Nelson, J. F 


Griffin, J. R., Jr., and 
Van Ess, P.R 
Cohen, C. A 


Ross, W. B., Backoff, W 


J. and Williams, N. D. 


Miller, R. J. and 
Rutherford, J. T. 
Cook, E. W. and 
Thomas, W. D. Jr 
Kavanagh, F. W., Far- 
rington, B. B. and 
Clayton, J. 0. 
Fairlie, . and 
Beare F 
Jenkins, v N 


Loane, C. M. and 
Gaynor, J. W 


Lazar, A. and 
Carter, J. C 
Ruedrich, P. M 
Jones, W. A 
White, E. R 
Humphreys, R. L., and 
Borsoff, V. N 
Borsoff, V. N 
Humphreys, R. J 
Kavanagh, 
Gardiner, E. W a 
Denison, G. H. Jr 
Schott, J. E 


and 


Rutherford, J 


aeber 
Wiezevich, P. J., Zimmer 
J.C. and Morway, A 


Loane, C. M. and 
Shoemaker, B. H 

MeNab, J.G 

Murphree, EF. V 


Cook, E. W. and 


Thomas, W. D. Jr 


McKone 


Lyons 


Publishing Company Publication 





Barium bis (2 4-dibutylphenoxy-ethy! 
dithiophosphate 

Barium bis (dihydroabietyl 
phosphate 

Barium di(dihydro 
phosphate 

Berium diisobuty! 
and steary! alcohol 


dithio- 


abietyl) dithio- 


phenoxy sulfide 


Barium hydroxide incorporated in 
wool grease reacted with sulfide of 
phosphorus end blown with air 

Barium di-amyl-thio-methy! phenate 


Barium oley! carbonate 

Barium oxide, formaldehyde, ethylene 
diamine and wax-phenol reaction 
product 

Barium oxide and diamy! phenoxy- 
ethanol reaction product 

Barium salts of acid esters of phos 
phorie acids 

Barium salts of alkyl phenol sulfides 

Barium salt of bis (2.4-diamyl]-phenol 
4-amylphenol 

Barium, aluminum, calcium, lead, 
magnesium, strontium or zinc salts 
f 2-laurol-4-amylpbenol monosulfide 

Barium salts of the reaction product 
of a saturated aliphatic ketone and 
phosphorus pentasulfide 

Barium salts of sulfurized alkylphenols 

Barium or calcium beta-phosphon- 
atisobutyrate 


Barium, calcium or strontium salts of 
dithiophosphoric acid esters 
Barium or sinc salt of para-tert-amy! 
phenol diester of dithiophosphoric 
acid and barium dialkyl! phenol sul 
de 
Barium soap of wool grease and phos- 
phorous sesquisulfide reaction prod 
ict 
Bismuth, aluminum or antimony dis 
persions 
Sivalent metal sulfonates 
‘admium mahogany sulfonate 
‘admium, aluminum, calenum, chrom 
ium, cobalt, magnesium, mangan- 
ese, tin or zine sulfonates and ar 
organic acid of phosphorus 
‘aleium soap of an alcohol-phenoi 
condensation product 
‘aleium soaps of Aloxacids and thio 
ethers of alkyl phenols 
‘alum cetyl-3-isopropyl-6-methy! 
3.6-endoeth ylene-tetrahydrophtha 
late or calcium salicylate stearate 
‘alcium cetyl phenate 


‘aleium cetyl 7 

cetylpheny! ate 

‘aleium chlorostearate 

‘alerum chlorostearate and an alkal)- 
earth metal compound of a thio- 
phenol or phosphorus or selenium 
compound 

‘aleium diamyleyclohexyloryethylate 

‘alcium diamyldiphenol sulfide 


2,344,395 
2,347,592 
2,344,304 
54,547 
2,375,060-1 
2,322,376 
2,365,011 


2,353,491 


2,405,712 


2,370,080 


2,319, 


2,383,5 


2,402, 


2,356,7 


2,389,006 


"2 369,¢ 


2,36 1 Se 


alcium dihydroabietate and calcium §%,361 


polyalkylated nher enate 


Cook, E. W 
Thomas, W 
Cook, E. W. and 
Thomas, W. D. Jr 
Cook, E. W. and 
Thomas, W. D. Jr 
Richardson, R. W., 
Miller, F. L. and 
Winning, C 
Williama, N. D. and 
Backcff, W. J 
McCleary, R. F. and 
Roberta, 8. M 
Rosen, R 
Oberright, E. A 


Russell, W. F 
Schreiber, W 


Winning, Cc 

Cook, E. W 
Thomas, W 
‘ook, BE. W. and 
Thomas, W. D. Jr 

Redman, H L. and 
Fuller, E. 


Richards, P. L. 
Farrington, B. B., 
Clayton, J. O. and 
Etsler, D. H 
Cook, E. W. and 
Thomas, W. D. Jr 
Cook, E. W. and 
Thomas, W. D. Jr 


Williams, N. D. and 
Backo 


Wulff, J 


Showalter, J. C 

Liberthson, | 

Neely, G. L. and 
Kavanagh, F. W 


I 
B 
Byrkit, G. D., Steimer, 
W. L. and Lincoln, 
B. H 


Farrington, B. B. and 
Clayton, J 
Gardiner, F and 
Denison, G. H. Jr 
Jr., 


Kev anagh, F. W 
Bray, U. B 


Bray, U. B 


McCleary, R 
Wilson, C. } 
Merrill, D. R 





SUBSTANCE 


S. Patent 


Date 


TABLE 14 (Continved) 
Metal Derivatives of Detergent Type 





Inventer 


SUBSTANCE 


| U.S. Patent 


| Date 





Caleum diesobutyipheny! 
and a condensawon dy 
cresol and wobutene 

Calerum 2-ethythery! salicylate 

Calerum hydroxide, phosphorus tri 
chionde, rieinolere acid, sulfur and 
butene-pheno!l condensate reaction 


product 
Caleium salt of iso-octylester of sali- 
eyhe aed and phenol sulfide 
Caleitum iso-ccty! salicylate, alky!- 
phenol and phosphorus pentasulfide 
turpentine condensate reaction 


product 
Calerum lanolate 
Calerum methylamylacetoacetate 
Calcium monocety! tartrate or (ce- 
thylthio) acetate 


Calerum o-ketophenolate 
Caleium pheny! stearate 


Caleium pheny! stearate and alisarine 
stearate 

Calerum phenyl stearate 
eblorinated 

Caleium pheny! stearate and sulfur 

Caleium pheny! stearate, laury! al- 
cohol or mercaptan and a thomde 

Calewm petroleum sulfonate and an 
allophanate of an abearboeyclic al- 
cohol or thio-aleohol 

Caleium salts of acids from oxidised 
highly refined lubmeating ols. 

Calcium salt of alky! ester of salicylie 
seid. 

Caleium salt of capry! silicate 

Calesum salt of dialkylsalicylamide 


partially 


of d)-p-tert-amyl<iiph- 
oul soluble de- 


Calerum salt 
enyl sulfide and an 
tergent metal soap 

Caleium soap of the condensation 
product of formaldehyde and an 
alky! phenol 

Calerum soap of | ydrogenated romin 
acids 

Caleium salt of 1-methy!-bepty! sab 

late 

Caleium salt of tert-alkyl-hydroxy- 
pheny! sulfides and isoalky| esters 
of sabeylie acid 

Calcium soap of sulfurized oleve acid 


Calcium soap of wool olein 


Calerum soap of alnetic acid 
Caleium soap of alkylated bydroszy- 
phenyl thio-ether 


Calesum soap of hydrogenated rosin 
acid and chlorinated biphenyl or 
naphthalene 

Caleum stearate and 
leenthin 


cephalin or 


Cale: wm sulfonate 


Caleium sulfonate and sulfurised 
sperm oi 


Caleium thio-alky! compounds 


( — 
fona 

Calum. ‘barium, tin or tine dithio- 
carbamate and a metal salt of 
earbocyche alkylol ether 

Calcium, aluminum, magnesium or 
sinc oxides heated with a thio, 
selenium or tellurium ether and oil 

Caleum pentacosy! sulfate or sumilar 
compounds of calerum or aluminum 
and sulfur, selenium or tellurium 

Caleium, aluminum or sodium sul- 
fosuceinate 

Calerum cetylphenate, aluminum di- 
napbthenate and similar compounds 


barium or strontium sul- 


Calcium, aluminum, berium, cad- 
mum, chromium, cobalt, magnes- 
sium, manganese, strontium or tin 
stearate-naphthenate 

Calcium, aluminum, 
mum, magnesium, 
sine soaps 

Calcium, barium, tin or sine 
tives of cashew-nutabell oil 

Calcium dialkyl phenate, sine thio- 
phosphate or calcium seap of phos- 
phorised and oxidised petroleum 
acids and a detergent 

Calcium, barium, or sodium petro- 
leum sulfonate and reaction product 
of phosphorus sulfide and pinene 

Calevum or other meta! salts of butyl! 
mono-ester of laurenylsuceinin acid 

Caleium or other metal salts of bis 
(acylpheny!) dithophosphate type 


barrum, chro- 


strontium, or 


jeriva- 


2,391,009 


2,356,043 
2,398,702 


2,348,461 


2 350,480 
2,310,993 


2,147,155 


2,352,669 


2,270,620 
2,347,546-7 
2,339,692 
2,337,380 
2,281,401 


2,250,188 


2,231,022 
2,379,290 
2,400,492 
2,415,296 
2,365,856 


2,329,474 


2,279,086 
2,337,868 
2, 266,32. 


2,366,539 
2,361,803 
2,350,783 


2,342,027 


2,349,817 


2,322,307 


2,379,453 


2,292,308 


320,436 


12-18-45 


$-15-44 | 


+ 24 


wr. G., Wilson, 
J. and Winning, C. 


Finley, W. L. 
Smith, H. G. and 
Cantrell, T. L. 


Finley, W. L. and 


Prutton, C. 


Gardner 
Watkins, 


Van Eas, P. 
White, E 
B 


Bray, U 
Finley, W. L. 


Finley, W 

Finley, W. L., Klein 
hols, M. P. and 
Watkins, F. M 

Wilson, C 


Wilson, C. E 


Merrill, D. R 
Finely, W. I 


Finley, W. L. and 
Kirk, J. H 


Lincoln, B. H. and 
Byrkit, G. D. 
Barton, C. H. and 


Wilson, C. E 
Merrili, D. R 


Adama, E. W., Brun- 
strum, L. C., and 
are. A.W 


Burwell, A. W. and 
Camelford, J. A 

Lasar, A. and 
Ruederick, P. M 

McCleary, R. F. and 
Fields, J. E 


Wilson, C. E 

Lincoln, B. H., Byrkit, 
G. D. and Steiner, W.1 

Waugh, 8. P 

Farrington, B. B., 
Clayton, J. O. and 
Etaler, D. H 


Neely, G. L. and 
Kavanagh, F. W 


Lazar, A., Ruedrich, P 
M. and Frasier, R L 
Patterson, J. A. and 


McCleary, R. F 
Amott, E 


Noland, T. T 


Watkins, F. M 


Cook, E. W. and 
Thomas, W. D. Jr 





Chromium cety! phenate and calcium | 2,228,671 
cety! phosphate. 
aluminum of calcium | 2,325,597 | 


| 
| 
| 


chloracety! phosphates 
Chromium, cobalt, maganese, molyb- 

denum or 
Chromium or other meta! salts of acids 

of phosphorus. | 


Cobalt salt of amyl naphthoyl-- 
Cobalt tert-amylphenol thio-ether . 
Cobalt, aluminum, barium, calcium, 

nickel, potas- 


copper, 
sium, sodium tin or sine salts of | 


elky! estere of p-bydroxydithioben- | 
by LAA or copper N-ealicyli- | 
Copper deactivator and phenyl-alpha- 
naphthylam: 
Copper, aay fonate 
Copper napb and sulfurised 
ang compound treated with 
CG —_ —— —~ ee and bydro- 


} 

Corrie dibuty! “dithiocarbamate and | 
an orgame sulfur compound | 

Copper containing oils stabilised with 
ba beta-ieyeobeny aminoethyl 
su. . 


Ferrie chlonde, carbon disulfide, and 


2,346,357 
2,228,659 


2,197,836 


2,362,293 
2,390,342 


2,355,287 
2,420,953 
2,125,934 
2,343,756 
2,349,820 
2,356,661 
2,282,710 


2,382,781 


| 2,220,528 


Heavy metal salts of of ase ester of 
dithiophosy 
soap, “oll soluble sulfur 
late. | 


~~ me! 
— 
Heavy eta enn, organic phosphate 
a phosplute 
Iron naphthenate and salicylaidehyde 
Lead alpha-(amylmercapto) stearate 
L ad or aluminum salt and noi, 
Yeresol, xylenol or alpha-nayhthol. | 
, aluminum, cadmium, silver or 
tin pounds and phenylethanol | 





amine 
Limed metny! esters 
Lime and oxides or hydro-oxides of 
aluminum, antimony, arsenic, bar- | 
jum, bismuth, chromium, lithium, | 
um, 
r metals 
reaction 


magnesium, mercury, 
sodium, strontium or ot 
are used for treating 
product of phosphorus pentoxide | 
and degras. | 

Lithium, aluminum, barium, berilli- | 
um, cadmium, calcium, magnesium, | 
strontium, sine or tin salts of acetyl | 
acetone and disalicylal ethylene i 
amine are used for stabilising oils | 
in contact with copper 

Lithium stearate ood a similar lithium 


soape. | 
Magnesium bensol steara ‘ 
Magnesium lauryl aye | 


Magnesium tert-amy!phencl thio-ether 
Magnesium tert-amy! sulfide or bari- | 

ium disobutylphenol. | 
Mercury compounds 


Mercary tetramethy! or trimethyltri- | 
phenylstannate or bismuth tricresy! 
Metal alcohol of cycloaliph 

aliphatic ether-aleohols. | 
Metal alcoholstes of alcohcls from | 
cashew-nut oil. 


Met. 


Mea “theirs | ‘or alkyithio- 
wbeal rare 
ft seids © 
| 
Meal mnenede of oy phenol | 
esters of phos 
Metal compou of a. WF aro- | 
matic amines. 
Metal derivatives of alkylated hy- 
droxy ary! or mercapto aryl su 
Metal derivatives of alky! phenols 











es 


2,344,392 
2,349,224 
2,391,311 


| 2,301,795 


550) 
2,031,986 
2,321,203 


2,335,733 
2,385,832 


2,428,340 
2,186,346 
2,320,228 
2,228,500 
2, 
2,346,808 


| 2,340,247 


2,112,305 
2,361,043 
2,402,969 


2,225,197 
2,409,686 


2,357,287 
2,380,878 


2,410,911 
2,409,303 


2,399,877 


| 2,399,878 


Metal derivasives of alky! substituted 
aromatic carboxylic acids. 

Metal derivatives of aromatic methy- 
lene thio ethers. 

Metal derivatives of cashew nut-shell 
oul. 

Metal derivatives of 
amune reaction products. 

Metal derivatives of — products 
of paraffin wax and phenol. 

Metal derivatives of sliee compounds 
present in oil 


phospborus- 


Petroleum Re finer 


2,385,301 


| 2,415,833 


2,363,896 
2,388,074 


2,403,474 
2,376,313 
2,404,871 


| 11-10-42 


8& 343 


Badertecher, D. E. 
Hunt, R. A. Jr. 


& $44 | 
5-20-47 
8- 9-38 [aude, 5, 
3- 7-44 yt 
| Fiteh, H. M. 
Pox, A. L. 
Downing, F. B. and 
Fiteh, H. M. 


Dietrich, M. A. 


5-30-44 | 
22-44 
5-12-42 
| 
8-14-45 | Downing, F. B. and 
| Fiteh, H. M. 
1-21-41 | Shoemaker, B. H. 
3-14-44 | Cook, E. W. and 
omas, W. D. Jr 
Nill, E. A. 
Helmore, W. 
Proell, W. A. 
7-25-44 4 | Rosen, R. 
2-25-36 | 
6 9-43 


5-16-44 | 
12-18-45 


Britton, 8. C. 


Burwell, A. W. 
Musselman, J. M 


11-30-43 
10- 2-45 


4 | Burnham, H. T. and 
| Weiss, F. T. 


Ruedrieh, P. M. 


| Richetts, V. L. 
| Frey, D. R. 


| Bergstrom, R. 
| MeNab, J. G. 


10-24-44 
7- 2-46 | 


12-17-40 
10-22-46 | 


a 
9- 5-44 | Reiff, O. M. ‘and 


Giammaria, J. J 
7-31-45 oe H. G. and 
11-12-46 
10-15-46 
y, R. 
McNab, J. %. and 
| T. 
Van m Bildsr, C. F. and 
hneider, H. G 
| Reiff, O. M 


Mikeska, L. A. and 


5- 7-46 
5 7-46 
9-18-45 
2-18-47 | 


11-28-44 
10-30-45 


7- 9-46 | 
5-15-45 
7-30-46 


| Re 0. M. 


Van Ess, P. R., Watson, 
Z a a Whitney, 


Vol No 





TABLE 14 (Continued) 
Metal Derivatives of Detergent Type 





SUBSTANCE | US. Patent 


Inventor 


SUBSTANCE 


U.S. Patent 








Meta! double salts of alkylated 2,411,583 
ouble phenol 


Matallic phenolates or aleoholates | 2,419,360 
and alkylated 

Metal naphthenste and ethy! thio- | 2,321,575 
acetate. 

M containing | 2,197,835 
a wax ary! nucleus. 

Metal hs ae « sulfide my 2,413,332 

2,415,836 


‘Sma at 2,415,838 


de or sulfur reaction prod- 
m-\< >, . | 2,197,834 
Metal phenolates and organic sulfides) 2,381,912 


1,752,309 
2,346,156 





Metal sts of acide of phosphorus and 

8 paraffin wax thiomer. | 
| 

Metal salts of alkylated phenol sulfides 2,379,241 


Metal salts of alkyl phenol sulfides. | 2,362,289 
Metal salts of alky! sulfates | 2,413,138 


Metal salte of bis (alkaryloxyalky!) | 2,382.77 
. | 9,410,682 


2,398,416 
2,384,551 
2,410,650 


and an aromatic amine. 

Metal ealt detergent and an aliphatic 
selenide. 

Metal salts of ) Setigtinatgele and 2- 
ethylhexoic acids. 

Metal salts of a partial ester of thio 
acid of pb orus. 

Metal salts phenols treated with 
weak acidic gases to reduce their 
sensitivity to water. 

Metal salts of the reaction product of 
phosphorus pentoxide and an un- 
saturated ketone which may be 
sulfonated. 

Metal salts of substituted dithiophos- 


phate. 
a — salts of substituted tC! 


2,406,041 


2,383,408 


2,369,632 
2,414,729 





Ms mo of sulfonic acids reacted 
with # 
a of sulfuriaed alkylpheno- | 
Metal salts of sulfurized partly bydro- 
nated cardanoi. 
osphorus and 
ac 
a 7 = of — sulfur: containing acid 


moet om bm ap aliphatic substituted 
fatty or aromatic acid 

Metal sulfonate, metal ealt of an al- 
kylated phenol thio-ether and ali- 


sarin. 
Metal tetrathiopbosphate wax-olefin 
derivative. 
Meta! ranthates 


Multivalent metal alkyl carboxylates 


2,418,804 
2,406,564 
2,361,051 
2,420,893 
2,417,562 
2,335,261 
2,366,191 


2,417,826 
2,363,884 
2,363,510-6 


Multivalent metal oxide, alkylated 
nol and phosphorus pentasul- 
de reaction product. 
Multivalent metal oxide, alkylated 
phenol, phosphorus pentasulfide and 
phosphorus oxyeb! 


reaction 
product. 
Multivalent metal salts 
Multivalent metal salt and an ether of 
sulfur, selenium or tellurium. 
Multivalent metal salts of acids from 
oxidised hydrocarbons. 


2,342,431 


2,342,433 


2,233,426 
2,345,155 


2,218,618 
2,252,087 
Multivalent metal salts of alkyl or | 2,380,685 
oe mtal eats oon alkyl or | 
valent salts of an alkyl or | 2,345,156 
“naptbeny! ee ester of a phosphoric 
eo -T satel salts of alkyl sub- 
ited thiophosphoric ac 
Miuvaent meta metal salt of a - 
Multivalent metal salt of an oxy-acid 
and sulfur 
beti Ape of ~ 
substitu! 
and a thioether. | 
Multivalent metal salts of substituted | 2,382,043 
oxy acids of quinquevalent phos- | 
Multivalent metal salts of substituted 
oxyphosphoric acids. 


2,363,012 
| 2,346,153 
2,360,302 


2,416,985 





2-13-45 
1-21-47 


4-15-47 


8-27-46 | 


10-24-44 


| 


2,364,283-4 | 12- 


5-20-47 
3-18-47 


11-30-43 | 


1- 2-45 


3-25-47 
11-28-44 


2-22-44 | 


2-22-44 


3- 441 
4-11-44 


10-22-40 
$1241 


7-31-45 
3-28-44 | 


| 11-21-44 


4-11-44 
10- 10-44 


8-14-45 


3- 4-47 





5-44 | 


4 ¢. and 


MeN, J 6 Wilson 
C. J. and Winning, 
O. and 


Reiff, 0. 


Nickel, cobalt or manganese cety! 
phosphates. 


Nickel dithiocarbamate... ... 
Nickel napbthenate....... 


2,310,175 


.| 2,265,851 
2,236,120 


~ ae teipeeeasal hae 
Deeaten o enmesion of) math 2,279,218 


CY 1 —— ~—Jm 
Polat butyl tanthate ud beta 





| oh 
ba omy’ = R. Jr., and 
‘an Ese, P. R. 


Denison p G, i, de. and 
Condit, P. C 
Jehle, L. P. 


| Giammaria, J. J. 


Schneider, H. G. and 
Kane, J. E. J 


Otto, E. P. and 
Meyer, R. E. 


Cook, E. W. and 
Thomas, W. D. Jr 
rien OL L. Jr., and 


MeNab, J. G. and 
Rogers, D. T. 


eCleary, R. 
MeNab, J. G. and 
Fleming, C. L. Jr 
Morria, J. R 
Davis, L. L. and 


Lincoln, BR. H. 
Jenkins, V. N 


| Jones, W. A. 
| oe y "4 and 
11-28-44 | 


nae. BB 
fm agg J. 0. and 
Rtsler, D. H. 
Smith, H. G. and 
Cantrell, T. L. 
Smith, H. G. and 
Cantrell, T. L. 


MeNab, J. ¢ 


Freuler, H. C. 
Miller, R. J. and 


reaction 
Sodamide, dibutyl, diethyl or ethyi 


| 
| 


| 2,240,009 


2,012,918 


1 sulfate and reaction | 2,365,200 
oat tasulfide and | 


rout of vc ps 


fam inuryleulfateond tetramethy!- 
i | methane. 





2,323,670 


tion product. 

Sodium trisulfide and calcium oleate 2,395,889 
reaction 

Sodium, barium, calcium, magnesium | 2,349,785 





Sodium, cal Hi id 
or nitriles and sulfurized additives. 

Sodium, aluminum, barium, berillum, 
cadmium, —_ magnesium, 








Scie, sleniogm or other metal 
Shansaides ond 0 hydveny ester. 


Sodium or copper salts of wax phenol- 
carboxylic acid. 
Sodium, lithium or potassium salts of 


ph 

Soaps of acide from oxidation of 
“eweater oil”. 

Salts of ary! ether acids 


Salt of cetylthiophosphoric seid 
Salts of keto acids 
Soaps of lucanic acid 
Soaps of rosin acids 
— of oa ~ 
tity ter- 
pene a 


Stannic 
rate or po aw lg 
Stannic halide and 





and a beta~diketone 


| 2,393,212 


Stannous carboxylate or waxpheno- 
yacetic acid. 


naphthenate or sulfonate 


Stannous or 
cal of 0 wan-phenelie anid colide, 
selenide 


or tellu: 


vanad 
other phosphite esters of a wax sub- 
stituted phenol carboxylic acid. 
Tin diamyidithiocarbamate 


" 4 





Tia, cobalt 
n alkylated emino-eryl de dubai. 
in 


Vanady! oley! phthalate 


Zine Seacinint late and calcium 


petroleum 
a lauryl mercaptan 
ityl-ether of o-tert-buty!-p-cresol. 
Zine oleyiacetone ; - 
Zine oxide, alkylated phenol, phos- 
phorus —— and turpentine 


yl and | 


and tertiary- | 


reaction | 
Zine oxide, Sieobol, phosphorus pent- | 


a and turpentine reaction prod- 


Sine salt ¢ pn thiophosphate 
Zine salt of dithiocarbamic acid and 


2,347,152 


| 2,344,988 


2,197,832 
2,197,833 


2,372,955 
2,227,149 
2,198,292 
2,252,984 
2,198,307 


2,319,189 


| 2,256,441 


2,357,359 


2,160,880 
2,280,039 
2,211,558 
2,388,400 


2,372,411 
2,335,017 


| 2,223,932 


2,409,878 


2,356,074 


| 2,344,393 


Organic sulfides or polys 
Zine call « salt of the reaction product of an 
aliphatic alcohol, | 


sulfide and turpentine. 
Zine salt of the reaction product of 
alkylated ol and terpene-phos- 


Zine salt of the reaction product of 
pentasulfide and cyclo- 


orus penta- 


2,394,536 
2,392,253 


2,379,313 


2,261,047 


2,203,419 





42041 
8-27-35 
12-19-44 


7- 6-43 
1l- 3-42 


3- 5-46 
5-23-44 


1-15-46 


418-4 | 


3-28-44 


4-23-40 








4-23-40 | 


4- 3-45 


12-31-40 | 


¢-23-40 
8-19-41 
4-23-40 
2-25-41 
2-25-47 
6-30-42 
12-22-42 
5-11-43 


| 12- 3-40 | 


1- 9-45 | 
5-11-43 | 


9-16-41 | 


o 54 


6- 6-39 | 


4- 4-42 
8-13-40 


11- 6-45 | 


J.J. and Redman, H 
Johnston, F. L. 


Murphree, E. V. 

Reiff, O. M. and 
Otte, F. P. 

Rutherford, J. T. aad 
M = © 4 


Fuller, E 
Lineola, B. H. and 
Steiner, W. L. 
Lincoln, B. H. and 
Byrkit, G. D. 
if 0. M. 
Towne, C. C. 


Reiff, O. M 


Reiff, O. M. 


Reiff, O. M. and 
Giammaria, J. J 


Desmen, G. f ‘it ‘and 
Condit, P. C. 


May, R. L. 


6-26-45 | 


10-2841 


| 


May, R. L. 


Asseff, P. A. 





| 
Zine or calcium salt of diisopropy:- 8-18-42 | Van Ess, P. R. 
Maltivalent Hy of substituted 2,391,184 12-18-45 salicylic acid. 
Pp us | Wi Rg oe berillium, magnesium, 
| jum, strontium, barium, cad- 
Niel 2,304,954 2-12-46 mium, aluminum or zinc complex of | 
ciclo or iron derivative of | 2,226,427 12-24-40 b — — ama salicylal ethylene 


2,352,462 





cher D. E. 
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Interior view from rear door showing testing equipment in foreground, air-conditioning equipment 
in background, escape hatch in foreground ceiling, of mobile petroleum testing laboratory which 
has been developed for the Quartermaster Corps 


Mobile Petroleum 
Testing Laboratory 
Developed 


Photo below shows exterior view of mobile petroleum-testing laboratory 
The body is made of aluminum. Note entrance, windows, ventilators and 
detachable chassis 


Photo at right shows electric generators and air-conditioning equipment 
contained in the mobile laboratory 











Applications of Thermodynamics 


To Hydrocarbon Processing 


PART XXli—Convergence Correction to Vapor-Liquid 
Equilibrium Ratios 


In THE STUDY of vapor-liquid 
phase equilibria for hydrocarbon mix- 
tures it is worthwhile to establish lim- 
its defining the values of the phase 
distribution ratio. K v/x. In Part 
XIX (PR, May, 1949) the values of 
K for ideal mixture and perfect gas 
hehavior to be the ratio 
of vapor pressure over total pressure. 


were shown 
This is one limit. It was also shown. 
in Part XIX, that values of K may be 
found for ideal real 
gases by using fugacities of the pure 
and additivity 
non-ideal 


mixtures and 


components assuming 
This For 


cases, estimating values of K is much 


is another limit. 
more complex and empirical. 

In Part XX. the equations for non- 
ideal systems were presented and a 
combination theoretical and experi 
mental method of developing activity 
coefficients was outlined, In Part XXTI. 
data and _ correlations 
While not as funda- 
mental as activity coefficients for both 


experimental 
were discussed, 
phases, empirical correlations of ex 
perimental K values are practical and 
in wide usage for non-ideal systems 
Thus. empirical correlations of actual 
K values are used when the pressure 
is too high or the temperature too low 


for the ideal K values 


ditions mi rht he ene ountered where the 


However. con 


empirical correlations do not apply. 


For this reason it 
high 


temperature). as well as a low pres- 


is desirable to 
have a pressure (and or low 
sure (and/or high temperature) limit 
for the K values of non-ideal systems. 
This upper limit is related to the crit- 
ical point and is called the converg- 
ence point, because the K value curves 
for all the components in the system 
converge at a K value of unity, This 
convergence occurs at a different pres- 
sure for each temperature. At the crit- 


September, 1949 


ical temperature of the mixture, the 


convergence pressure is the critical 
pressure 

Thus, the pressure is 
related to the ¢true-critical 


which is in turn related to the psuedo- 


convergence 


pressure, 


critical pressure. These three different 
pressures are all involved in phase 
equilibria calculations. Only the 
psuedo-critical is easy to evaluate. 

In addition to being an upper pres- 
sure limit for the K values of hydro- 
carbons, the convergence pressure is a 
characterizing variable for a mixture 
at a given temperature. Thus, the mod- 
erate K values are also af- 
fected by the value of the convergence 


1) hic h 


pressure 


pressure, becomes a property 
of the system. 

It is helpful in working with kK 
values for phase equilibruim calcula- 
tions to bear in mind that the K must 
pressures, i.e. the 
vapor and the 
pressure, Both of these pressures have 
different values at different tempera 
tures, the vapor pressure being an in 


be unity at two 


pressure convergence 


dividual property of each component, 
while the 
prope rty 

At the 
vapor pressure is one atmosphere so 
the K value is unity at atmospheric 
pressure and the boiling point tem- 
At higher temperatures (up 
component) the 


convergence 
of the mixture. 


pressure Is a 


normal boiling point the 


perature 
to critical of 
vapor pressure is increasingly higher 
until the critical point of the pure 
component is reached. If the system is 
ideal or if a single pure component, 
the K values will be unity along this 


pure 


vapor pressure line. Only mixtures are 
of interest in this discussion and most 
of the hydrocarbon mixtures encoun- 
tered are ideal at low pressures only, 
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AT PRESSURES approaching the 
critical of the mixture, the 
K =y/x ratios of the compo- 
nents of a mixture approach 
unity, where separations by frac- 
tional distillation are impossible. 
The pressure at which the K 
values of a mixture becomes 
unity is called the convergence 
pressure, the value of which de- 
pends upon both the composition 
of the mixture and the tempera- 
ture of the system. 

The convergence pressure is 
used in correcting the K values 
for the effect of high pressures. 
The data required and the pro- 
cedure of making the conver- 
gence correction are empirical. 
Typical correlations are pre- 
sented and discussed in this in- 
stallment. 


limiting the range of the unity 
K value region. 


As pointed out above, the converg- 


thus 


ence pressure is the critical pressure at 
the critical temperature of the mixture. 
At other 
pressures exist, but they are more diffi- 
cult to define and predict. At these other 
temperatures it appears that the con- 7 
vergence pressure is the critical pres- 


temperatures convergence 


sure of some other mixture of the same 
components, the other mixture being 
that has a 
equal to the temperature of the system. 


one critical temperature 


The Phase Diagram 

A mental picture of the phase dia- 
gram of a mixture is always very help- 
ful in making vapor-liquid phase 
equilibria calculations for hydrocar- 
Such a diagram is 
Figure 82, which is more complete 
than for phase equilibria 
purposes. The lines of constant volume 


bons shown in 


necessary 


are not really necessary to this discus- 
sion but are on this graph as part of 
the pseudo-critical feature, which is of 
value. 

The phase border curve shown in 
Figure 82 is of interest because it rep 
resents the P-T-X relationships of hy 
drocarbon mixtures. It is of interest 
because it shows the pseudo-critical 
and the true critical point in proper 
relative positions. It is also of interest 
because it illustrates the interesting 
phenomena known as “retrograde con- 
densation.” The phase diagram illus- 
trated in Figure 82 is frequently one of 
the objectives of phase equilibria cal- 
culations. Although diagram 
shows the percent vaporized at any 
temperature and pressure it does not 
information about the com- 


such a 


give any 
position of the equilibrium vapor and 
liquid phases. 





Carica, of Mixrune 
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Figure 82. Phase Diagram of Mixture Showing Critical 


and Retrograde Phenomena 


In addition to the true and psuedo 
critical points, there is another point 
of interest on the border curve. This 
point is the “cricondentherm” or point 
| of maximum temperature. Another 
point of interest, the “focal” point will 
be discussed in connection with petro- 
leum fractions. The “focal” point is 
an imaginary point where the extended 
bubble and dew point lines intersect 
when plotted on a Cox type chart. 

For every fluid, whether pure or a 
mixture, there is a temperature and 
pressure where the liquid and vapor 
phases become continuously identical. 
This point, which is called the “crit- 
ical point,” is the highest point on the 
vapor pressure curve of a pure com- 
ponent. The critical point is on the 
top dome of the border curve of a 
mixture. Above this point it is impos- 
sible to have vapor and liquid in 
equilibruim. For a mixture, the crit- 
ical point may be at or near the point 
of maximum temperature, the point of 
maximum pressure, or in between these 
points on the phase curves. The loca 
tion of the critical point on the border 
curve of a mixture determines the type 
of retrograde phenomena that will take 
place. 

In the retrograde zone, which is the 
dome of the border curve between the 
critical and the cricondentherm points, 
it is possible to have partial condensa- 
tion on isothermal expansion (or iso 
baric heating) and partial vaporiza- 
tion isothermal compression (or 
isobaric cooling). 


on 


96 


Points 


The word retrograde implies a re- 
versal and it is used to differentiate 
between a simple change in quantity 
of a phase and one which reverses 
itself. Retrograde condensation or va- 
porization occurs when a phase ap- 
pears, increases in quantity, reaches a 
maximum, and gradually decreases to 
complete disappearance during a proc- 
ess in which one independent variable 
relating to the system as a whole is 
continuously changed in value in the 
same direction, while other variables 
are held constant. Temperature and 
pressure are variables most commonly 
associated with the phenomena which 
is illustrated by the isotherm shown on 
Figure 82. Had the critical point been 
nearer the cricondentherm point, iso- 
baric retrograde condensation would 
be possible. It is possible to have both 
isobaric and isothermal retrograde 
condensation with the same mixture. 

The phase diagram for mixtures of 
hydrocarbons can be constructed from 
vapor-liquid equilibrium calculations 
if the K values are good enough. In 
the critical and retrograde regions the 
K values must be specifically applic- 
able. General fugacity K values are 
not usually satisfactory. For this rea- 
son the convergence pressure correc- 
tion is important, 


Previous Work 


10, 11, 12,13, 16,17, 18, 20 


Several authors 
have observed the converging nature 
of the K values and a few®:**** have 
suggested methods for estimating the 


Figure 83. illustration 


SQ IN ABS. 


of Convergence Concept. 


convergence point and drawing the K 
vs. P curve in this upper pressure re- 
gion, Almost all of the previous pub- 
lications on this subject have pointed 
out that the K values should be unity 
at two points for every temperature, 
i.e. at the vapor pressure and a hy- 
pothethical critical or convergence 
pressure, but no one has yet presented 
an adequate method of estimating the 
convergence pressure at any tempera- 
ture other than the critical temperature. 

In 1933 Katz and Brown'® made use 
of this unity K value situation in de- 
veloping a generalized correlation of 
vapor-liquid equilibrium ratios for hy- 
drocarbons. In this correlation, rela- 
tive K values (ie. K=1.0 when 
P==7) were plotted against pressure 
on log-log scales with lines of constant 
reduced temperature. By this method 
of plotting the authors combined K 
values for several hydrocarbons into 
the same family of curves. The coinci- 
dence of the K values for different 
components at the same reduced pres- 
sure is good except for the higher 
molecular weight hydrocarbons at high 
pressures, where the curves fanned out 
somewhat, as would be expected be- 
cause of the variable critical pressures. 

The K scale on this correlation was, 
in effect, a series of repeating scales 
on log cycles so that the direct read- 
ings were without decimal points, these 
being established by locating unity 
from the known vapor pressure at the 
temperature in question. 

Another feature of this correlation 
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that adds to its flexibility is the re- 
duced temperature parameter, which 
appeared to permit making the con- 
vergence allowance but which were not 
sufficient for this computation because 
the reduced temperatures were based 
upon the critical temperatures of the 
components rather than for the mix- 
ture and because the pressure scale is 
not referred to a convergence or crit- 
ical pressure of any kind, 

Katz and Brown point out that K 
must equal unity at the critical point 
and also presented a correction factor 
plot based on the amounts of methane, 
ethane and heavier in the liquid. 

Katz and Hackmuth" published in 
1937 the results of experimental equili- 
brium measurements on crude oil-gas 
mixtures and plotted the K values 
against pressure. Separate plots were 
made for each temperature, including 
all components for the systems con- 
cerned on each plot, similar to Figure 
83. The various lines converged at 
K == 1.0 at a high pressure for each 
temperature, also similar to Figure 82, 
the convergence pressure being slightly 
different for each temperature. 

This work showed clearly the con- 
vergence concept and explained retro- 
grade condensation in terms of K 
values. Although no method of pre- 
dicting convergence pressures was in- 
cluded in this paper, the authors did 
that the pressure 
was akin to the critical pressure for 
the mixture, 

Kay,'* in 1938, presented a pressure- 
temperature-composition diagram for 
mixtures of ethane and n-heptane. This 
diagram, which is illustrated by Fig- 
ure 72 in Part XXI, shows clearly that 
the critical pressure of mixtures may 
be higher than the critical pressures of 
the component. This diagram suggested 
a method of estimating the converg- 
ence pressure of a binary mixture, i.e. 
as the critical pressure of mixture (of 
the same two components) having a 
critical temperature equal to the tem- 
perature of the system. For a binary 
the determination of the convergence 
pressure is a very simple operation, 
requiring only a critical locus for the 
particular binary, from which a single 
reading gives the convergence pres- 
sure, For a mixture of more than two 
components the calculation is much 
more complex. 

Figure 84 illustrates the critical loci 
of binary hydrocarbon systems by 
plots for some of the paraffin hydro- 
carbon systems. It is interesting to note 
that the critical pressures of mixtures 
of methane and heptane are higher 
than the critical pressures of mixtures 
of methane and a lighter component, 
such as pentane. 

From Figure 84 it is evident that a 
wide difference in boiling point, molec- 
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ular structure or critical temperature 
is accompanied by a high critical loci 
curve. 

Gilliland and Scheeline pub- 
lished experimental vapor-liquid phase 
equilibrium data for the systems: 
(a) propane-isobutane, (b) propane- 
hydrogen sulfide, and (c) propane- 
isobutylene. These authors plotted all 
data for one substance on one graph 
with K vs P scale on log-log cycles 
and with lines of constant temperature. 
These isotherms reversed their direc- 
tion at high pressures, indicating that 
a K of unity is approached. No con- 
vergence pressure shows up in this 
method of plotting. It is clear from 
these plots of K data that the retro- 
grade phenomena is possible. These 
authors prepared from their data a 
plot locating the minimum K value in 
terms of the pressure and convergence 
pressure. 

Katz and Kurata'* devoted an entire 
paper in 1940 to the retrograde phe- 
nomena, showing the effect of pressure 
on the equilibrium ratio by means of 
diagrams similar to Figures 72, 83 and 
84. Experimental phase diagram data 
were obtained on mixtures of natural 
gas and gasoline in the retrograde 
condensation region. These authors 
suggested treating complex mixtures 
as binary mixtures of two arbitrary 
components for purposes of estimating 
the convergence pressures. The data 
were not expressed in terms of K val- 
ues, however, nor were convergence 
pressures given. Nevertheless, the data 
could be used with advantage in de- 
veloping empirical correlations for 
phase equilibria of hydrocarbon 
systems. 


6,18 


White and Brown 

One of the worthy recent contribu- 
tions on the subject of high pressure 
phase equilibria of hydrocarbon sys- 
tems is that of White and Brown,*! 
published in 1940. These authors pre- 
sented new experimental liquid-vapor 
phase equilibrium data for three pe- 
troleum fractions at temperatures of 


Figure 84. Loci of Crit- 

col Temperature and 

Pressure of Binary Hy- 
drocarbon Mixtures. 
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300° to 820° F. and at pressures of 50 
to 700 psia. An equilibrium separator 
(see Figure 79, Part XXI) was used in 
these experiments. 

From the data obtained, values of K 
were computed for the different hy- 
pothetical components, dividing the 
stocks into 50° F. boiling point frac- 
tions, thus covering the range of com- 
ponents from 95° F. to 750° F. boiling 
point. Two illustrative plots, K vs P 
for constant temperature and K vs T 
for constant pressure, both having 
lines for several components, were pre- 
pared from the data. 

After trying the critical loci of dif- 
ferent arbitrary binary systems deter- 
mining the convergence pressure, 
White and Brown concluded that the 
use of a critical locus computed from 
two arbitrary components gives indef- 
inite but approximately correct values 
for the convergence pressure. They 
point out that more consistent results 
are obtained by determining the locus 
of the critical points of the vapors and 
liquids produced by equilibrium va- 
porization of the entire complex mix- 
ture at conditions near the critical 
point. 

Although White and Brown did not 
offer a positive and definite way of 
determining the convergence pressure, 
they did present correlations for esti- 
mating the minimum value of K and 
the pressure at the minimum K, both 
in terms of the convergence pressure 
and the vapor pressure at the system 
temperature, These correlations were 
developed from the experimental data 
obtained as part of the same study. 

Based on the data of White and 
Brown and upon the definitions of the 
convergence pressure given by Brown* 
the writer’ developed some convenient 
charts for making high pressure cor- 
rections to K values. These will be dis- 
cussed in more detail later. 

Hanson and Brown® correlated the 
convergence pressure at 120° F. as a 
function of the molal average boiling 
point of the equilibrium vapor and 
liquid, the correlation being developed 





from experimental data. These authors 
demonstrated that the convergence 
pressure concept could be extended 
from binary to multicomponent sys- 
tems. 

Roland et al.'* also obtained experi- 
mental equilibrium data on gas-distil- 
late systems and plotted the data 
obtaining the convergence pressures at 
three different temperatures. 

McCurdy and Katz'® obtained vapor- 
liquid equilibria data on propylene- 
acetylene and propane acetylene sys- 
tems at high pressure and plotted the 
data so as to define the critical loci. 


Hadden Nomographs 


Hadden’ recently developed nomo- 
graphs for estimating the convergence 
pressure, the minimum K and the pres- 
sure at the minimum K. These corre- 
lations were based on the data of Han- 
son plus other published data. Had- 
den’s convergence pressure nomegraph 
is for a temperature of 120° F. only 
and employs MABP of equilibrium 
vapor and liquid as the correlating 
variables. The use of this nomegraph 
to find a pressure in- 
volves a trial and error procedure, 
issuming the equilibrium products, the 


convergence 


objective of the calculations, so as to 
find the MABP’s required in estimat- 


Figure 85. Graph for Estimating Convergence Pressure from M 


ing the convergence pressure. The au- 
thor suggests plotting a critical loci 
for an equivalent binary systems as a 
means of making a first approxi- 
mation, 

This trial and error calculation does 
not seem to be justified in view of the 
fact that precise values of convergence 
pressure are not usually required any- 
way unless K values in the immediate 
convergence pressure region are re- 
quired, The limitation to the one tem- 
perature of 120° F. will probably re- 
strict the use of this correlation for 
convergence pressure. 

Hadden’s nomegraphs for finding 
the minimum K and the pressure at 
the minimum K are not limited to any 
given temperature. These nomegraphs 
use the convergence and vapor pres- 
sures, as proposed by White and 
Brown, but in nomegraphic form and 
including additional more recent data 
in the development of the nomegraph. 
In addition to these charts there is an- 
other for use in drawing the K value 
curve in the convergence region, thus 
avoiding drawing the curves by guess. 

From the preceding discussion it is 
evident that considerable simplification 
and improvement in the methods for 
correcting K values in the critical re- 
gion are desired. The convergence 
pressure is an important point in all 
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high pressure equilibrium constant es- 
timations. The relation of convergence 
pressure to critical pressure is not 
definitely established for multicompo- 
nent systems and yet it is clear that 
some relationship exists. A discussion 
of the critical properties of mixtures 
is of interest next. 


Critical Properties 

Two critical points are of interest in 
this discussion, the true critical and 
the pseudo critical. The pseudo critical 
is an imaginary point while the true 
critical is an actual point that can be 
found experimentally. For a pure 
component these points coincide. For 
mixtures these two criticals occur at 
different pressure and temperature val- 
ues, as illustrated in Figure 82. There 
seems to be a definite relationship be- 
tween these two criticals. 

The principal difference between the 
true and psuedo critical point is the 
non-additivity relationship that exists 
between the true critical pressure of a 
mixture and the critical pressures of 
the components. This is illustrated by 
the critical loci for binary hydrocarbon 
systems, shown in Figure 84. 

The critical properties of hydrocar- 
bon mixtures have been the subject of 
a limited amount of ‘correlation study 
for several years.':'* "1% 2° As men- 
tioned above, the critical point is im- 
portant in making phase equilibria 
estimates. For this reason some of the 
critical properties correlations will be 
discussed, The critical temperature of 
mixtures may be correlated or esti- 
mated with relative ease and accuracy 
but the critical pressure is a much 
more complex property and is difficult 
to predict. This is one of the reasons 
why the critical temperature and pres- 
sure have been linked together in cor- 
relations, i.e, the critical pressure as 
a function of critical temperature. 

Part of the work that has appeared 
on critical properties is for petroleum 
fractions, where average boiling points 
are used. The same principles apply to 
mixtures of light hydrocarbons but it 
will be more convenient to keep the 
discussions separate. Petroleum frac- 
tions will be covered in a later in- 
stallment. 

The critical temperature of a hydro- 
carbon mixture is the weighted average 
of the critical temperatures of the com- 
ponents of the mixture. Expressed 
mathematically 
: Zw, Te, 


critical temperature ot 


(374) 


“m 
where T 

mixture 

weight fraction of itl 
component 
critical temperature of ith 


component 


Equation 374 for the critical tem- 
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perature of a hydrocarbon mixture 
differs from equation 193 (Part X) 
for the pseudo critical in that mol frac- 
tions are used in equation 193. In 
other words, the psuedo critical tem- 
perature is the molal average critical 
temperature while the true critical 
temperature is the weight average crit- 
ical temperature. 

The critical pressure is not as sim- 
ple as relationship, however. An 
analogous weight average relation, 
similar to equation 374, will not pre- 
dict the critical pressure of mixtures, 
even though the psuedo critical pres- 
sure of a mixture is a simple molal 
average of the critical pressures of the 
components. 

Several methods of estimating the 
critical pressures of hydrocarbon mix- 
tures have been proposed. These meth- 
ods give mixture critical pressures that 
are higher than the critical pressures 
of the components. This is done in 
different ways. In some cases the 
weight average critical pressure is 
used and in others the molal average 
critical pressure is used as one step 
in the correlation, thus converting or 
correcting these simple averages. 

Watson and Nelson*’ proposed, in 
1933, finding the critical pressure of a 
hydrocarbon mixture graphically on a 
Cox vapor pressure chart as the point 
of intersection of the initial vaporiza- 
tion line and the critical temperature 
isotherm, The initial vaporization line 
was drawn through two points, the at- 
mospheric bubble point and a point 
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on the average boiling line above the 
critical isotherm by a distance equal 
to one-fifth the distance between the 
atmospheric boiling point and the crit- 
ical temperature. 

This method involves the partial 
construction of a phase diagram, 
which is subject to drafting errors. 
However, it has the advantage of giv- 
ing a visual picture of the operations, 
which often helps locate errors. 

In 1937, Smith and Watson’® corre- 
lated the true and pseudo critical 
properties of hydrocarbon mixtures, 
using weight and molal average boil- 
ing points, Here, also, critical temper- 
ature was a simple correlation but 
critical pressure was more complex. 
The ratios of true critical temper- 
ature to pseudo critical temperature 
(Tem/Tpe) and of true critical 
pressure to pseudo critical pressure 
(Pem/Ppc) were related by a graph. 
From other charts, values of Tem, Tpe 
and Ppe were obtained, thus making 
it possible to find the ratio (Pem/Ppc) 
and to find Pem therefrom. 


Kurata and Katz Correlations 


Kurata and Katz’* presented in 
1942 methods of estimating the crit- 
ical properties of volatile hydrocarbon 
mixtures, using in the correlations the 
pseudo-critical temperature and pres- 
sure, the molecular weight and an 
equivalent (pure component) critical 
temperature as the variables. The 
correlations proposed by Kurata and 
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Figure 86. Chart for Estimating Convergence Pressure. 


Katz, were developed from experi- 
mentally measured critical properties 
on 12 mixtures of natural gas and 
gasoline plus previously published 
data and using the critical properties 
correlations proposed earlier by Smith 
and Watson.’® 

Critical temperatures as well as crit- 
ical pressures were correlated in this 
study of Kurata and Katz in order to 
develop a general empirical correla- 
tion that might be used for oil and gas 
mixtures, where at least part of the 
system is defined by ASTM distillation 
curves rather than by the percentages 
of different components. 

The two principal graphs in this 
method are: 

(a) Tc vs Tpe for lines of constant 
Te/Tpe; and 

(b) TePpe/Pe vs Tpe for lines of 
constant molecular weight, Ty is the 
“equivalent” critical temperature and 
is given as a simple function of molec- 
ular weight. The pseudo critical tem- 
perature Tpc, is found as the molal 
average critical temperature, where the 
composition is known, or from the 
average boiling point via an empirical 
correlation for petroleum fractions. 
The ratio Tg/Tpe is evaluated and 
used as a variable in correlating the 
critical temperature. Ty/Tpe is a 
characterizing variable. 

Knowing the critical temperature, 
and also the molecular weight and the 
pseudo critical conditions, the critical 
pressure is found from the second em- 
pirical correlation, ic. a plot of 
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Figure 87. Chart for Estimating Pressure at Minimum K. Value 
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molecular weight 


for lines of constant 
These correlations are entirely em- 
pirical and are with little or no the- 
oretical justification, which is of sec- 
ondary importance if the correlations 
fit the data. It would be well to have 
more experimental data on the critical 
properties of mixtures and then make 
a careful comparison of all estimation 
methods available before concluding 
which correlation method is the best. 

Brown et al* in their recent book for 
the Natural Association of 
America include the Kurata and Katz 
critical properties method, 

In 1942. Mayfield 


method of predicting the critical pres- 


Gasoline 


proposed a 


sures of two-component paraffin hy- 
drocarbon systems, basing the correla- 
tion on the deviation of the critical 
pressure of the mixture from the ad- 
average of 
critical value. Thus the 
difference between the actual pressure 
of the mixture and the weighted aver- 


ditive law {1.e weighted 


pressure } 


age of the critical pressures of the 
components is given as a function of 
three variables that characterize the 
system. These variables are: (a) differ- 
ence between critical temperatures of 
the heavier and the lighter components: 
(b) total number of carbon atoms 
in the two components; and (c) the 
amounts of the two 
The last item is, 
nately, expressed in terms of critical 
temperatures of the mixture and the 


relative compo- 


nents present, alter- 


two components Since the critical tem- 
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perature of a mixture is the weighted 
average of the critical temperatures of 
the components, using critical temper- 
atures to express composition of a 
binary is the same as using weight 
percent directly. 

Mayfield’s correlation is of partic- 
ular interest because the geometry of 
the critical and 
taken into consideration. 

The critical pressure of complex 
mixtures is very significantly affected 
by the presence of intermediate com- 
ponents between the lightest and 
heaviest components. Two mixtures of 
the same hydrocarbons, having the 
same critical temperatures, might have 
different critical pressures, depending 
upon the distribution of the compon- 
ents in the mixture. The mixture 
having the fewer intermediate com- 
ponents (i.e. the less “fill”) will have 
a highest critical pressure. In other 
words, the deviation of the actual crit- 
ical pressure of a mixture from the 
weighted average critical pressure is 
greater for mixtures having the fol- 
lowing characteristics: (a) greater 
width between lightest and 
heaviest components ; (b) fewer inter- 
mediate components; (c) lower per- 
centage of intermediate components; 
and (d) higher percentages of term- 
inal components. 


locus is recognized 


boiling 


A general correlation for the crit- 
ical pressure of hydrocarbon mixtures 
should take all these effects into con- 
sideration and thus be applicable to 
mixtures of any number of compon- 


ents with any possible distribution. To 
this writer's knowledge this has only 
been done by Benedict’ in some un- 
published work of several years ago. 
Benedict’ developed an equation for 

the critical pressure of hydrocarbon 
mixtures, taking into account the effect 
of the concentrations of components of 
different boiling points. Benedict's 
equation follows: 

7, ) 

100 

I 2 


f =x( 
L( 353) 


critical pressure o 


mixture 


pse udo critical pressure 


oft mixture 

=xiPci 

atmospheric boiling poimt 
ot ith component 

mol fraction 
ponent 


vt ith com- 


The terms in parentheses convert the 
pseudo critical pressure to the true 
critical pressure. For a very narrow 
mixture the critical pressure is 
close to pseudo-critical pressure. This 
equation was obtained by private 
communication and is reproduced here 
through the courtesy of and with 
acknowledgments to Benedict and The 
M. W. Kellogg Company. 

Benedict used the simple weight 
average of the critical 
temperatures of the components for 


true 


component 
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the critical temperature of the mixture. 


Convergence Pressure 


As pointed out above, the pressure 
at which the K value curves for the 
components of a system converge at 
.<=1.0 for any given temperature 
may be estimated as the critical pres- 
sure of a similar hypothetical mixture 
of the same components having a crit- 
ical temperature equal to the system 
temperature. At the true critical tem- 
perature of the system the convergence 
pressure is the critical pressure. At 
other temperatures the convergence 
pressure has no real significance other 
than the fact that the K value curves 
converge there. 

For every hydrocarbon mixture 
there is a convergence pressure versus 
temperature curve that is similar to 
the critical loci shown in Figure 84 
for binary hydrocarbon systems. It is 
a simple matter to estimate the values 
of the convergence pressure at various 
temperatures for binary systems. These 
estimates are much more complex for 
multicomponent mixturg¢s, however. 

A visual examination of binary crit- 
ical loci, such as shown in Figure 84, 
suggests the possibility of consolidat- 
ing all available data of this kind into 
a generalized chart. 

From Figure 84 it appears that the 
critical loci can be generalized by 
compressing or expanding the temper- 
ature and the pressure scales of the 
different graphs so as to satisfy the 
two terminal points of the loci as well 
at the maximum point. 

The data on critical loci of binary 
systems were plotted in this manner 
in Figure 85, plotting ratios of tem- 
perature differences against ratios of 
temperature differences against ratios 


COMPOSITION 


Weight, 
Percent 


Mol., 
Percent 


be given in terms of the difference 
between the atmospheric boiling 
points or the difference between the 
critical temperatures of the two com- 
ponents. 

From a few typical critical loci the 
temperature and pressure differences 
in the denominators of the coordinates 
of Figure 85 were computed and 
plotted. A smooth curve resulted. Fol- 
lowing are a few tabulated points: 


Pressure Difference 
Max. on Lecus—Min. Crit. 
Psia. 


Temperature Difference 
(Max. —— Crit. 





200 
300 
400 
500 
600 
700 
800 
900 


500 
800 


With Figure 85 and the above data for 
locating the maximum on the critical 
loci, the critical or convergence pres- 
sure of binary mixture may be esti- 
mated. 

Boiling point differences may also 
be used to determine the peak of the 
critical locus, Such a scale was pre- 
pared and combined with Figure 85 to 
give Figure 86, which is presented for 
approximation purposes only. 

If Figures 85 and 86 are reliable, it 
should be possible to obtain critical 
pressures that agree with equation 375. 
As an example, the critical pressure 
for an 80 wt. percent methane, 20 wt. 
percent ethane mixture will be found 
by all three methods. 

First, the critical temperature, the 
pseudo critical pressure and the atmos- 
pheric boiling point terms for equa- 
tion 375 will be found for the mixture. 


PSEUDO CRITICAL 
CRITICAL PRESSURE 
TEMPERATURE “ae 
Pe 
Te’R WiTe Psia. XiPe 


From Table: Pressure difference, 
(Max. — Min. Crit.) = 500 psia. 

Pom = (500) (0.85) + 673 = 1090 psia 

The value of Pom will be found from 
Figure 86 

Ratio of Temp. Difference = 0.204 
B.P. range = 131° F. 

From Figure 86 the difference: con- 
vergence pressure minus minimum criti- 
cal pressure equal 360 

Pow = 360 + 673 = 1033 psia. 
The two values of 1090 and 1033 are 
to be compared with 900 from Equa- 
tion 375. The latter is probably the 
most accurate. 

From this comparison it is con- 
cluded that correlations such as Fig- 
ures 85 and 86 and, for that matter. 
any critical loci method, are not very 
accurate. They may be considered as 
satisfactory for making approxima- 
tions, however. 

Hadden’s nomograph of Hanson 
and Brown’s data on convergence pres- 
sures at 120° F. were discussed earlier 
and found inadequate because of trial 
and error and because it was for a 
single temperature. 

It appears that a_ satisfactory 
method would be to use equation 375 
to find the critical pressure of differ- 
ent mixtures:of the same components 
but having critical temperatures equal 
to the system temperature. With equa- 
tions 374 and 375 it would be possible 
to develop a critical and convergence 
pressure correlation. 


Minimum Point 

After finding the convergence pres- 
sure it is also necessary to determine 
the minimum point, as defined by pres- 
sure and K values, to permit complet- 
ing the plot of the K curve. 

White and Brown” plotted data re- 
lating the minimum K and the pres- 
sure at minimum K. These data have 
been replotted in more convenient 


ATMOSPHERIC BOILING POINT TERMS 


(2) (2) | GY Gy 





Methane 80 
Ethane 20 


of pressure differences. The minimum 
and maximum critical temperatures are 
the critical temperatures of the most 
volatile and least volatile pure com- 
ponents, respectively. The minimum 
critical pressure is the critical pressure 
of the least volatile pure component. 
The maximum critical pressure is the 
maximum point on the locus. 

The of the 
differences ratio, i.e. the elevation of 
the critical locus curve, is a function 
of the width of the mixture which may 


denominator pressure 
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88.23 344 5 
11.77 550 11 83 


100.00 


594 


677 


Substituting in equation 375 
Pom 677 ( 9 [ —1 +1) 


Pen 
The value of will be found 


Figure &5 


4.86 
(2.165)? 
900 psia 
Pre 


from 


386 — 344 
550 — 344 


0.204 


Temperature ratio 


From Figure 85 the pressure ratio 
corresponding to this temperature ratio 
is found to be 0.85. The max. point on 
critical locus is found as follows 

Temperature difference; (Max. Crit.— 

Min. Crit.) 550 — 334 = 206 
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3.57 
1.29 


1.775 
0.390 


4.05 
11.0 


2.01 
3.32 


2.165 4.86 


form in Figures 87 and 
graphs are self-explanatory. 

Hanson, Rzasa and Brown‘ pro- 
posed in 1945 correlating the equilib- 
rium constants of hydrocarbons with 
the convergence pressure of the mix- 
ture in addition to the temperature 
and pressure of the system. This 
method of correlation was illustrated 
on methane in paraffin systems. The 
following values, taken from a table 
in Hanson et al.*, illustrates the effect 
of convergence pressure on the K 
values of methane at different pres- 


20 
oo, 


These 
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sures and temperatures. (See table at 
top of adjoining column.) 

The effect of convergence pressure 
on the K values of methane is rather 
pronounced at the conditions covered 
by the above tabulation, thus reflecting 
both the effects of the other compon- 
ents and the proximity to the critical 
If both of these effects could be 
handled by the convergence pressure, 
the empirical correlation of experi- 
mental K data would be greatly sim 
plified. 

Hanson et al.* state that correlations 
of this kind may be made for other 
hydrocarbons and suggest that such 
correlations will make it possible to 
predict K values where no vapor-liquid 
equilibrium data are available. 

According to Hanson et al.*, no 
straightforward method of estimating 
convergence pressures at temperatures 
other than the critical temperature has 
yet been proposed for complex mix- 
tures, These authors state that they use 
for the convergence pressure a critical 
pressure of a mixture which is similar 
in composition to the mixture under 
consideration but which has a critical 
temperature equal to the temperature 
in question. 


Conclusions 


should be 
pressure 


From this discussion it 
obvious that the convergence 
is more than just an engineer's corre- 
lating device. It has fundamental sig- 


Figure 88. Chart for Estimating Minimum Value of K. 
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nificance, More precise and straight 
forward methods of estimating con- 
vergence pressures should be devel- 


oped. Those presenting new data and 
developing activity coefficients would 


do well to include the convergence 


pressure in their study, 


REFERENCES 
' Benedict M (The M Ww Kellogg Co.) 
(1939). Private ¢ ation 
? Rrown, G. G roleum Engineer II, No 
8 25 (1940) troleum Engineer IT No. 9 
55 (1940) 


‘Brown, G 


ommuni 


Holcomb, D. E The 
Vapor-Liquid 
arbon Sys 


ompressibility of Gases 
Equilibria in 
leum Engineer 

G., Katz, D. L., Oberfell, G. G 
R. ¢ Natural Gasoline and the 
Hydro 1 Natural 
Association of America—Tulsa, Okla 


Volatile urbons Section 
Gasoline 
(1948) 

5 Edmister Ww c 
fornia il 


Thermo 
November 


Hydrocarbon 
iynamics Cal World 
& December 1945 

*Gilliland, E. KR and Scheeline, H 
High-Pressure Vapor-Liquid Equilibrium 
the Systems Propylene-Isobutane and 
pane-Hydrogen Sulfide Ind. Eng. Chem 
48 (1940) 

* Hadden, 8S. T 
Hydrocarbon Systerns 
135-156 (1948) 

*Hanson, G. H 
Equilibrium 
Paraffin Mixtures Ind 
(1945) 

* Hanson, G. H., and Brown, G. G. “Vapor 
Liquid Equilibrium in Mixtures of Volatile 
Paraffins Ind. Eng. Chem. 37, 821 (1945) 


Vapor Liquid Equilibria in 
Chem. Eng. Prog. 44, 


Rzasa, M. J., and Brown 
Constants for Methane in 
Eng. Chem. 37, 821 


G. G 


°o 
? — 


> + + 


6.63 
4.37 
3.21 
2.495 


*” Katz, D. L., and Brown, G. G. “Vapor 
Pressure and Vaporization of 
tions.” Ind. Eng. Chem. 25, 

™ Katz D> and Hack H 

Vaporization Equilibrium Constants in Crude 
Oil-Natural Gas System." Ind. Eng. Chem. 29, 
1072 (1937) 

“Katz, D. L. and 
Condensation Ind 
(1940) 

“Kay, W. B 
librium Relations 
System.” Ind. Eng 

“Kurata, F and 


Retrograde 
Chem 32, 817 


Kurata 
Eng 


Liquid-Vapor Phase Equi 
in the Ethane-n-Heptane 
Chem. 30, 459 (1938) 
Katz, D. L Critical 
Properties of Volatile Hydrocarbon Mixtures.” 
Trans. Am. Inst. Chem. Eng. 38, 995 (1942) 

“Mayfield, F. D. Critical States of Two- 
Component Paraffin Systems Ind Eng 
Chem. 35, 843 (1942) 

% McCurdy, J. L., and 
Equilibria in the Systems 
lene and Propane-Acetylene 
Gas Journal, March 17, 1945 

" Roland, C. H., Smith E., and Kaveler 
H H Equilibrium Constants for a Gas- 
Distillate System The Oil and Gas Journal, 
March 27, 1941, Page 128 

“ Scheeline, H. W and Gilliland, E. R 
“Vapor-Liquid Equilibrium in the System 
Propane-lsobutyletne Ind. Eng. Chem. 31, 
1050 (1939) 


Katz, D. L Phase 
Propylene-Acety- 
The OW) and 


Page 102 


La and Watson, K. M. “Boiling 
Points and Critical Pre rties of Hydrocarbon 
Mixtures Ind. Eng. Chem. 28, 1408 (1937) 

» Watson, K. M., and Nelson, E. F. “Im- 
proved Methods for Approximating Critical 
and Thermal Properties of Petroleum Frac- 
tions.”” Ind. Eng. Chem. 25, 880 (1933) 

= White, R. R. and Brown, G. G. “Phase 
Equilibria of Complex Hydrocarbon Systems 
at Elevated Temperatures & Pressures Ind. 
Eng. Chem. M, 1162 (1942) 


(End of Part XXII. Part XXIII will 
appear im an early issue.) 


* Smith, R 





AT K=10 — LBS /SQIN ABS 


Vol. 28, No. 9 


Petroleum Re finer 
























































I selecting condenser tubes it is often the case that 
such conditions as temperatures, pressures, and 


compositions of the gases and fluids will be taken in- 
to account fully, only to have the tubes thus chosen 
give short service. In such cases, it is wise to call in 
Revere and ask for a thorough check of the situation 
before assuming that the wrong alloy was specified. 

Here is a case in point. Admiralty tubes in a high 
stage condenser in a refinery were lasting only three 
or four months. In the effort to increase life, the sour 
gas had been treated, but as no improvement was ex- 
perienced, the treatment was discontinued. The Revere 
Research report, made after laboratory investigation, 
stated that Admiralty metal was the correct alloy and 
its use should be continued, but that microscopic study 
of a failed tube showed definite and conclusive evi- 
dence of fatigue corrosion, probably due to vibration. 
A conference with the people at the plant revealed 
that the condenser vibrated considerably. Hence the 
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obvious recommendations: cut down the vibration by 
better bracing, resume treatment of the gas, and con- 
tinue to use Admiralty tubes. These recommendations 
were followec, and when last checked the new Ad- 
miralty tubes had been serving for eight months and 
were still going. 

The Revere Technical Advisory Service is eager to 
serve all users of condenser tubes and plates through 
close collaboration in the study of difficult problems. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, lil.; Detroit, Mich.; 
New Bedford, Mass.; Rome, N. Y.— Sales Offices in 
Principal Cities, Distributors Everywhere. 
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Oil Industry Observes 


Hinetioth Anniversary Named Old Dutch gf toeayyrnered 
y he. at of ri Dutch ‘Refan 
1 Edward 
Myke 
Deve 


Calendar of Meetings 


Texas A&M Fourth Short Course on 
Instrumentation, College Station 
Texas 

Texas Mid-Continent Oi! and Gas 
Association, Annual Meeting, 
Houston, Rice Hotel. 

American Gas Association, 
Convention, Chicago 


American Standards Association, 
Annual Meeting, New York 
Waldorf-Astoria Hotel 

Instrument Society of America 
National Conference and Exhibit 
St. Louis, Municipal Auditorium 

American Petroleum Pnetitute. 

Divist of Marketing ‘Lubrica 
tion Committee) Atlantic City 
Hotel Traymore 

National Petroleum Association 
Atlantic City, Hotel Traymor 

American Institute of Chemica 
Engineers, Montreal, Canada 
Mt. Royal Hotel 

National Butane-Propane Association 
St. Louis 

National Safety Council 
Morrison Hotel 

The American Society of Mechanical 
Engineers Fall Meeting, Erie, Pa 


Annual 


American Society for Metals, National 
Metal Congress and Exposition, 
Public Auditorium, Cleveland 
Ohio 

National Safety Council! Congress, 

‘ hicago Morrison H 

Chicago, Society of Automotive Engineers, 
Diesel Engineers, St. Louis, 
Chase Hotel 

Pacific Chemical Exposition, San 
Francisco, Civic Auditorium 

Society of Automotive Engineers, 
Fuels and Lubricants, St. Louis, 
Chase Hotel 

American Petroleum Institute, 29th 
Annual Meeting, Chicago, Stevens 
Hotel 

American Institute of Chemical 
Engineers, Pittsburgh, Hotel 
William Penn. 

American Society of Mechanical 
Engineers, Annual Meeting, New 
York, Hotel Statler 

Twenty-second Exposition of Chemical 
Industries, New York, Grand 
Palace 


American Society of Mechanical 
Engineers, Petroleum Division 
1949 Petroleum Mechanical 
Engineering Conference, Okla 
homa City, Biltmore Hotel 

National Association of Corrosion 
Engineers, South Central Regional 
Division, Annual Meeting 
Dallas, Adolphus Hotel. 

National Lubrication Grease Institute 

ew Orleans, Hotel Roosevelt 

American Institute of Mining and 
Metallurgical Engineers, Petro- 
leum Division, Fall Meeting, 28 to 
San Antonio, Plaza Hotel Dec 

California Natural Gasoline Associa- 
tion, Los Angeles, Ambassador 
Hotel 

American Society for Testing 
Materials, West Coast Meeting, 

San Francisco, Fairmont Hotel 


27 to 
Dec. 2 


American Institute of Chemical 
Engineers, Annual Meeting, 
Pittsburgh, William Penn Hotel. 


SUPER TANKER LAUNCHED 
Another super-tanker is launched to join the 
growing fleet of such tankers. The Esso Monte- 
video, pictured above as it was launched recently 
at the Newport News Shipbuilding and Dry Dock 
Company yard, is powered by General Electric 
12,500-hp. geared turbines, Its speed is in excess 
of 16 knots. The vessel wos delivered to its 

owners in May. 


industry Manpower Survey 
Returns Mount at NPC 


Several thousand replies already have 
been received by the National Petroleum 
Council to questionnaires which were 
mailed to 25,000 companies and indi 
vidual operators in all branches of the 
industry for a study by the National 
Security Resources Board of the man 
power needs of important industries i 
the event of another war 
been divided 


and 


rms have 
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Hill as a committee 

Committee membership, includes rep 
virtually all branches 
~ the petroleum in NPC Chair 
nan W alter S Hallanan said that a 
detailed and study of oil 
imports rade in the recent 
NPC policy report is both desirable and 
necessary 
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YOU CAN READ 
the PENBERTHY Reflex GAGE as far as you 
can distinguish between FENG Gand Willi: 






There can be no mistake in reading the Penberthy Reflex 





Gage. Due to the optical effect of the prismatically grooved 






glass, the liquid always shows black, and the empty space 






white. This optical effect is unvarying and absolutely sure. 






As a result, you can read the gage correctly as far as you 
can distinguish black and white . . . read it at a glance. 






There is no squinting to see the meniscus . . . the dividing 






line between liquid and empty space is always sharp and 





unmistakable. 


EMPTY SPACE In addition to standard units, Penberthy Reflex Gages are 


SHOWS also fabricated to customer's specifications from special 
alloys to meet unusual corrosive and temperature conditions. 






They conform with API-ASME requirements. 


PENBERTHY INJECTOR COMPANY 


Established in 1886 
Canadian Plant DETROIT 2, 


LIQUID Windsor, Ontario PERERA MICHIGAN 


. . Fa Ps a 
by Aree 
“FRAME BOLT 

- LIQUID CHAMBER 

GASKET 
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OHIO STANDARD PLANT _a press re 
view was held July 28 at Lima, Ohio, to inspect 
the $30 million expansion and modernization 
program under way at the new Solar refinery of 
The Standard Oil Company (Ohio). Shown below 
in the background is the new fluid cat cracker 
which will go on stream in October to be fol 
lowed by the new continuous coker and the 
lubrication oil plant. In the foreground are, left 
to right, H. E. Widdell, president of Arthur G 
McKee Company, contractors; Elliott B. McCon 
nell, Sohio vice president in charge of manufac 
turing; Seward R. Bolles, Lima refinery manager; 
Mayor W. J. Ferguson of Lima and Dr. F. J 
Sanders, technical manager for Sohio’s manu 
facturing department 


Bureau of Mines Chemist 
Receives Gold Medal Award 


Harold M. Smith, head of the Bureau 
of Mines chemistry and refining work 
at the petroleum experiment station, 
Bartlesville Okla. 
has received the dis 
tinguished service 
gold medal award 
from the Department 
of the Interior in 

ywnition of his 26 

rs ot witl 

e department 
Smith, who 
1 contributor to Pt 
REFINER col 


service 
has been 


rROLEUM 
uns, ts author 
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technical publica 
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rude oil analysis 
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Economic ¢ per 


) inistrati 
I if a 


ation Adn 


d basi 


eetings last mon 
». agencies, a goal 

1,034,000 barrels per day 
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Gulf Refiners Relate 


Price Problems to Capitol 
we —— 


( f ¢ Refiners atior 


iss ation) =o presidet 
of House Small 


tte as independent | 


support 


imports ave lone 
vepartment 


tion to the fact that product prices must 
be kept in relationship. “The industry 
which operated along that principle for 
six years, should now return to that 
basis,” he declared 


Union Oil Agrees to Ship 
Fuel Oil to East Coast 


Union Oil Company has 
agreements to ship 2 million barrels of 
Bunker “C” fuel oil to the east coast 
during autumn and winter. Spokesmen 
for the company said that the fuel oil 
will go to several small independent 
and large companies. Names of buyers 
were not released. Although prices were 
not disclosed, it is expected that they 
will be approximately $1.50 to $1.55 per 
barrel, delivered to the east coast, with 
transportation in ships at a fixed cost 
of about .80 cents per barrel. Delivery 
will be made in three T2 tankers 
with 100,000 barrels capacity, chartered 
for six voyages each. It was believed in 
Angeles quarters that this is the 
sizeable shipment of fuel 
California to the eastern 1 
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Continental Names 
New General Counsel 


Lloyd F. Thanhouser, corporation a 
torney of New York, will become general 

ontinental Oil Company 
Burney Braly, formerly ger 
the company, has been 
‘iate general 
Thanhouser will succeed James J. Cos 
grove, who has been general « 
since 1929. Cosgrove will devote his time 
to duties as chairman of the boar 
Continental Oil Company 


counsel of 
October 1 
eral attorney for 
counsel 


ass 


appointed 
} 
unsel 


Ethyl, Du Pont Increase 
Antiknock Compound Prices 


ration has announced in 


ximately three and a halt 
percent in the prices of “Ethyl” anti 
knock compounds and The Du Pont 
has increased prices about five 
its tetraethyl lead antiknock 

Both become 
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( mpany 
percent tor 
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effective ¢ rl 
mix compound 
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THEY MAKE ewig EASIER 


axe * 


Siiown on this page are a few of the many new, striking 
advantages in these new Twin Strainers. Other features 
include steel doors, crack-proof and quick-opening .. . 
provision for adding a “wearing-plate” to handle extremely 
corrosive water . . . provision for adding chain drive or valve 
interlock, without dismantling valves . . . and other features 
to provide maximum economy in non-stop straining. 





Elliott Twin Strainers are available in sizes 1” to 24” for 
125 Ib. pressure and 1” to 12” for 250 Ib. pressure. Full 
details in the interesting new bulletin, on request. Mail 


the coupon. z 





LARGER CAPACITY 
BASKETS — approxi- 
mately 5 to 1 ratio with 
standard mesh. Larger 
baskets make fewer 
cleanings necessary. 


QUICK-VISIBLE VALVE 
POSITION INDICATOR ' 
cuts out all guesswork d ; q 
as to which straining : Pots 
chamber is working. EASY-OUT VALVE DISC — Simplifies 
- ‘ replacing of valve disc ring when it is 
required. No need to dismantle valve. 


ELLIOTT COMPANY 
ie Accessories Dept. — Jeannette, Pa. 
ee) ,,| PANY Please send me Twin Strainer Bulletin A-13. 


Accessories Dept., JEANNETTE, PA. Name 


Company 


Address 
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plant design and acetylene chemical re 
search, has joined the staff of the chem 
istry department of Kellex Corporation 
at the Jersey City, N. J., laboratory 
Kellex Corporation, active in the field 
nuclear energy, is a subsidiary of 
The M. W. Kellogg Company. Fahnoe 
i graduate of Cornell University and 
identihed with important ex 
ams in acetylene chemi 
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Texaco Sees Big Future In 
Automatic Drive Refills 


Service refills of automatic transmis 
sion fluid, now getting into the hands of 
gasoline dealers, will amount to about 
4000 gallons this year, probably 25 mil 

n in five or six years, and perhaps 60 
million gallons in ten years. These figures 
known by Walter Hochuli 
o’s general sales manager, and Dr 
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Phillips Operating Group 


J. E. Bogk, in the refining department 
of Phillips Petroleum Company for 
more than 20 years, has been appointed 
vice chairman of the 
)perating committee 
After training as a 
civil engineer in his 
town of Min 
neapolis, Bogk spent 
five years in munici 
pal engineering and 
contracting in Min 
nesota and Florida 
and one year as val 
uation engineer tor 
Oklahoma Natura 
(as Company at 
Tulsa. He joined 
Phillips as chief en 
gineer of the Kansas 
City, Kan., refinery in January, 1929 
Prior to his latest appomtment, Bogk 
the refining department 
Bartlesville, Okla 
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Republic Extends ‘‘PD”’ 
Gasoline Marketing Area 
Republic Oil Refining Company's new 
1)’ August 10 in Gal 
itv, has resulted in 
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I revisions mm =ts 
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Kar Eugene 


t the Hast 


ings gasoline plant near Alvin, Texas 
is being transferred to Tulsa as an op- 
erating engineer in the company’s man- 
ufacturing department; John E. Thomas, 
formerly superintendent at the La Rosa 
recycling plant, Woodsboro, Texas, 
succeeds Yocom, and Stanley \ 
Wrightman replaces Thomas; Edward 
M. Bush, plant engineer at La Rosa, is 
promoted to plant foreman; and Mitt 
Dowlen, plant foreman at Hastings, has 
been transferred to Levelland, Texas 
to become superintendent of the gaso 
line plant now under construction there 


Construction News 


(also see Construction Boxscore, page 75) 


Salt Lake Refining to Add 
Houdriflow Cracking Unit 

\ contract has been awarded to Bech 
tel Corporation of San Francisco for 
design and construction of a Houdri 
flow catalytic cracking unit for Salt 
Lake Refining Company, a subsidiary 
of Standard Oil Company of California 
The new unit, which ts a part of a 
$10 million expansion program of the 
Salt Lake refinery, completed in 1948 
to process crude oil from Rangely, Colo., 
has a design capacity of 10,000 barrels 
per stream day trom which it will make 
approximately 4000 barrels of cracked 
gasoline. This unit brings the total ca- 
pacity of the improved type Houdriflow 
units now being engineered and con- 
structed to 76,800 barrels per day 

The new cat cracker will be fed 
straight run waxy gas oil from the re 
finery’s existing crude unit 

Field construction is expected to be 
gin early in 1950. Completion, sched 
uled for the end of next year, will boost 
the pre capacity of the rehnery 
plant’s fuel output of 
high octane gasoline, and 
liesel fuel. Present crude oil through 
put is approximately 15,000 barrels per 
lay 


cessing 
and imcrease the 


heating oils 


Puerto Rican Firm Plans 
$20 Million Refinery 


Construction of a 25,000 barrels pet 
an estimated cost of $20 
Ponce Puerto 
Puerto 
ing mpany a new « 
refinery 1s expected to be in 
by late 1950 or early in 1951 and will 
process f crude While le finite 
plans for crude have not been completed, 
tl probably will be Venezuela 
Ricans participating im ofr 
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ECA to Finance Two Modern 
French Expansion Projects 
rehabilitation and 
facilities in 


ECA 


projects for 
modernization of refining 
France have approved for 
financing. The Donges refinery of Rai 
Petrole de l’At 


rehning 


Two 


been 


Francaises de 
will 


hineries 


lantique increase prewar 
capacity of 8000 barrels per day by ap 
100 percent. Lube oil out 
put is to be increased 14,000 to 
38,000 metric tons per year. Total cost 


is estimated to be $9,435,000, of whicl 


proximately 
from 
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REFINERS 
RELY ON 
McKEE... 


Hundreds of successfully operating 
McKee-designed refineries all over the 


world prove the value of McKee design. 


FOR PROMPT, ECONOMICAL 
CONSTRUCTION 


McKee recognizes the importance of 


FOR EFFICIENT ENGINEERING 


McKee’s long experience and closely 


coordinated organization of well- . : 
prompt, economical execution of con- 


qualified specialists assure the refine a's 
i I — tracts to transform capital investment 
efficient, economical engineerin , . : ‘ 

“ B into profitably operating plant in the 


and procurement. ‘ . 
shortest possible time. 


ARTHUR G. & COMPANY 
- | , 
DESIGN, ENGINEERING AND CONSTRUCTION FOR THE PETROLEUM REFINING AND IRON AND STEEL INDUSTRIES 
ENGINEERS AND CONTRACTORS «+ ESTABLISHED 1905 


2300 CHESTER AVENUE, CLEVELAND 
30 Rockefeller Plaza, New York, N. Y. 
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resenting dollar expenditures 
financed by EC 
nfreville and La Mede re 
mpagnie Francaise de 
Raffinage will install facilities at Gor 
freville to pr: 17,142 barrels of lube 
and 10,000 tons f wax per year 
Cracking at La Mede is to be altered to 
process distillates from Middle Fast 
crudes Total cost ts estimated at $ 
$3,060,000 will 
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Humble Pickton Gas Plant 


Begins Initial Operations 
Humble Oil & Refining 
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Shell Oil Company Opens 
Wax Plant at Deer Park 


plant 
signed t . § millior ound 


paraff 


Socony Program Scheduled 
For November Completion 
\ Oil Company. Ir 


iral refining 
of 4450 barrels per da 
pleted in May The M.E.K 
unit, having a capacity of 2050 barre 
is expected to be 


per day completed | 


11 


October 1. The propane deasphalting 
plant is scheduled for production about 
November 1. A 3000-barrel contact-filtra 
tion plant, formerly planned, will not be 
built at present. A new combination 
atmospheric-vacuum crude unit, 19,500 
barrels per day, when completed, is ex- 
pected to raise the refinery's charge ca- 
pacity from 36,400 to 64,000 barrels per 
day 

To handle the increased 
lubricating stocks from the 
partment, a revamping and expansion 
program is under way which will com 
pletely modernize the refinery’s com- 
pounding and packaging department 


volume of 
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Delray Building Gasoline 
Plant in Colorado County 
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Continental, Sunray Plan 
New Gas Compressor Plant 


Continental Oil Company, Sunray Oil 
Corporation and others are planning the 
construction of a gas compressor plant 
of 12 million cubic feet daily capacity, 
to be located in De Witt County, Okla 
The plant, to be located near Nordheim, 
18 miles northeast of Kenedy, and to 
serve the Slick-Wilcox field in De Witt 
and Goliad counties, will include a com- 
plete gas gathering system and will con 
sist of four 600 hp. compressor units 
Estimated cost of the project is approxi- 
mately $1 million and work is expected 
to be completed by the end of this year 

The project is being erected in the 
interest of conserving gas and provid 
ing a more efficient method of develop 
ing the field. It is anticipated that ap 
proximately one-half of the gas handled 
by the plant will be returned to produc 
ing formations and that the 1 


remainder 
will be sold t« 


a gas transmission com 
pany 


Trade Sources Report New 
California Refining Plans 


Plant expansion and improvement 
plans for California Refining Company's 
Perth Amboy, N. J., refinery said to 
call for addition of another crude dis 
tillation unit, a catalytic cracker, a poly 
mer plant, several gasoline treating plants 
and another boiler h along with the 
indicated necessary auxiliary equipment 
and shop facilities 

Trade 


are 


use, 


sources say the program will 


PLANT EXPANSION NEARS COMPLETION—with completion near on an extensive 
construction program, the refinery of the Socony-Vacuum Oil Company, Inc., at East St. Louis, Ill, 
will soon be one of the most modern and flexible in the Midwest. 

Charles P. Baker, refinery manager, said the construction program will mean about a 50 percent 
increase in diesel and fuel oils and several other products. Gasoline capacity alone will be raised 
from 462,000 gallons daily to a maximum of 756,000, using the modern Thermofor catalytic cracking 
method. In addition, capacity is provided for more than 200 tons daily of petroleum coke. 

The East St. Louis refinery, which utilizes crude oil transported from Texas by a newly-completed 
pipe line, will upon completion have a daily crude oil throughput of 30,000 barrels, up from 21,000 


barrels. 


As part of the construction program (see photo above), the refinery is also replacing its present 
Mississippi River loading and unloading facilities with an all-steel dock, The refinery is several 


miles inland 
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F 
ial Anaconda Duplex Tubes 


conditions: 








AnaconpA Duplex Heat Exchanger Tubes 

on request are supplied with the 

ends of the external tube cut back to 
receive ferrules for rolling into the 

tube sheet. Ferrules can also be supplied. 


AnaconvA Duplex Tubes are available in a 

wide range of metals. These tubes can be 
supplied with the copper or copper alloy drawn 
either inside or outside of the steel tubing. 

For example, in a diethanolamine stripper, 

a copper-steel combination is called for, 

with copper on the outside of the tubes 

to resist corrosive steam and steel on the 

inside to resist attack by the amine. 


For general information on ANACONDA 
Duplex Tubes write for Publication B-2. 

And remember that ANACONDA metallurgists 

are always ready to help you solve your tube 

problems. Address The American Brass Com- 
pany, Waterbury 88, Connecticut. In Canada: 
Anaconda American Brass Ltd., 
New Toronto, Ontario. 


49130 


For efficient heat transfer ANACONDA 
Heat Exchanger Tubes 
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planning the 
assets and identity of its 
company, a wholly wned operating 
subsidiary, on September 30 into the 
Shell Union Oil Corporation, which will 
then be named Shell Oil Company. This 
will be the final step in a long-range 
plan for simplifying the corporate struc 
ture of Shell Union Oil Corporation, 
which at one time had separate operat 
ing companies in the West, Midwest and 
on the East Coast 
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staff. Shell Oil Company, as it is now 
known, will be liquidated. However, Shell 
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Shell Pipe Line Corporation and Shell 
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Cohiud Te weld 


at BS4B is a master craftsman 


whose handiwork is welcomed 
all over the world. His years 
of experience PLUS the newest 
equipment make an unbeatable 


combination. 








it takes experience! 


It takes experienced welders to build pressure vessels to exacting specifi- 
cations. BS&B has that experience! Welding supervisors have spent years 
forming and welding heavy steel plate into countless finished products. 

These men have helped BS&B stay ahead of the field by constantly 

studying new welding techniques. Their research makes it possible for 
BS&B to handle the most difficult materials. 


Check this partial list of specially fabricated REFIN- 
ERY EQUIPMENT that can be built by BS&B. 


bsorbers Gasoline Recovery 


ccumulators Apparatus 


sphalt Stills Heat Exchangers 


Mist Extractors 


Oil Meters 


utoclaves 


Bubble Towers 


ooling Towers Pipe Fittings 


racking Stills Plate Work 


Distillation Towers Preheaters 


vaporators Scrubbing Towers 


fabricated Piping Reactor Columns 


(including high pressure) Solvent Extractors 


abricated Steel Work Stabilizers 


fash Towers Stainless Steel 


actionators Fabrication 


actionating Towers Stripping Towers 


Tank Fittings 


It takes equipment! BS&B has the newest. most 
modern equipment . . . submerged-arc, automatic 
welding machines, modern sand-blasting equipment. 
a large stress-relieving oven, latest portable x-ray 
units. 


BS4B is set to handle your next fabrication job, 
complying with construction codes of all types. 
including API-ASME and ASME. BS&B has the ex- 
perience and the equipment to handle any welding 
job. Call or write today! 


BLACK, SIVALLS & BRYSON, INC. 


POWER & LIGHT BLDG. 


KANSAS CITY 6, MISSOURI 
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1949 Process Issue, A Foreword 


Bsacs year the number of processes available to plant operators shows some increase 
This PROCESS ISSUE of Petroleum Refiner includes a few processes that have been an 
nounced since the corresponding 1948 issue. Equally important, though less apparent, some 
existing processes have been put to new applications 

The 1e devel lopment of processing methods by our industry may seem quite gradual in nor 
mal years, but it is steady—and the progress made over the past several year period since 
the late 1930 s is truly remarkable. Notable exceptions to this gradual growth have occurred, 
of course. The country’s needs during the war prompted an immense expansion program 
to provide aviation gasoline, synthetic rubber, and raw materials for explosives manufac 
ture. This program was remarkable as much for the new types of processing involved, as 
for the great thruput capacity of the plant: 


On occasion, the development of new processes that offered marked economic advan 
tage to their operators has led to heavy building programs. Such was the case with the 
early thermal cracking processes, for instance, and on a lesser scale with the catalytic 
polymerization and alkylation processes for the conversion of refinery gases. In the natural 
yasoline field, the development of the high-pressure absorption process some years ago 
led t to the extensive construction of cycling plants. Currently, the catalytic cracking processes 
: somewhat similar position of providing possible economic advantages over the 

sively used thermal cracking processes 

Present market conditions for fuel oil in relation to gasoline and the lighter distillates pro- 
vide considerable incentive, too, for the cc neteuction of coking units to convert heavy re- 
siduals to lighter products, or for the development of new processing schemes te accomplish 
the same economic results 


Also not apparent, but vitally important, is the constant improvement in the operating 
processes. Much of this yearly gain is in the field of mechanical design. While feed stocks 
products Apmancr. conditions, and equipment arrangements are almost endlessly variable 
it may be surprising to some to note how uniform are the requirements of processes in re- 
gard to th e equipment components from which they are assembled. The fact is that equip 

ment design for the process industries has reached a high level of development and stand 
rdizati on, and has greatly contributed to the ease with which process designers can as 
semble their latest process schemes into workable commercial units 


Refiner in this issue presents some 100 odd process descriptions together with 

ompanying flow diagrams. The processes shown serve a variety of manufacturing pur 

poses in refining, natural gasoline, and petrochemical plants. The principal processes em- 

yed in refineries and natural gasoline plants are presented in some detail, as are a 

mber of processes used in petroche nicals manufacture. Also, since the issue is intended 

to serve to a degree as a reference encyclopedia of the processes that have been used by 

the oil industry, there are included brief reviews of many processes not now of commercial 

significance. Some of these latter processes were in their day widely used, while some others 
did not attain extensive application 


earlier editions of the process issue, licensors of processes have generously 
supplying diagrams and exp lanati ons of their particular processes. Also, ref- 
industry's literature, especially the earlier issues of Petroleum Refiner, has 
h of the data for the older processes 


There is one major difference in the makeup of this issue. To present the many processes 
included within the available space, considerable editing and condensation of material has 
been essential. It has been completely impractical to retain the earlier provision of a page 
of description and a page size diagram for each process included. Rather, a much more 

omplete group of processes has been assembled by varying the length of each description 
md the size of each illustration to suit the process at hand. Where condensation has been 
lecessary, a serious effort has been made to retain intact the salient features of the process 
ind also to give due regard to the viewpoint of the process licensor 

The editors wish to express their sincere appreciation to the personnel of process licensing 


mnizations and to the many others who have provided valued assistance in the prepa 
process issue 
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Owners, Manufacturers and Licensors of Processes 


THE ATLANTIC REFINING COMPANY 
260 South Broad Street. Philadelphia. Pennsylvania. 


Nitrobenzene Extraction Process 


ATTAPULGUS CLAY COMPANY 
260 South Broad Street. Philadelphi 
Percolation Filtration Process... 
E. B. BADGER & SONS COMPANY 
$00 — Avenue. New York 18. New York. 





Srude Oil Distillation—Three Stage 
Light yi bon Fractionation Unit 
Super Fractionation Process 
Edeleanu Process 
Phth alic Anhydride Process 
DeLAVAL SEPARATOR COMPANY 

165 Broadway. New York 6. New York 

DeLava! SN Acid Treating Process 


DONNELLY PROCESS CORPORATION 
Chicago. Illinois. 
Donnelly Cracking Process 
DOW CHEMICAL COMPANY 
Midland. Michigan. 
Styrene Process 
FILTROL CORPORATION 
634 Spring Street. Los Angeles 14 Catjuate 
“ontinuous Contact Filtration FP e 
Filtrol Fractionation Proce 
sy STEEL COMPANY 
P. O. Box 1978, Tulsa, Oklahoma 


ilsa Type Absorption Proce 


THE FLUOR CORPORATION. LTD 
Lee mae 22. California. 


resaturation Proces 


Recy 


aly Amine Gas ating Pr 


FOSTER WHEELER CORPORATION 
165 Boadway. New York 6. New York. 
pwtherm Var P 


“racked Gas 


GASOLINE PRODUCTS COMPANY. INC 
Jersey City. New Jersey. 
mes-Manley Crackin 
ss Cracking Pr 


be and i 
Plas =~ 


rez © ng Pr 
THE GIRDLER CORPORATION 
224 East Broadway. Louisville |. Kentucky 
zirbot Process 
Anhydrous Hydrogen C} je Pr 
tydrogen Process 
THE GRAY PROCESS CORPORATION 
Jersey City. New Jersey. 
ray atalytic [ alfuriza 
gray Clay Treating g Proce 
HOUDRY PROCESS CORPORATION 
22s South Fifteenth Street. regs 2. Pennsylvania 
ed Catalyt “racking 
for Catalytic Cracking 
i w Catalytic Cracking P 
Dehydrogenation Process 
) IMPERIAL OIL COMPANY. LTD 
Sernia Ontario, Canada. 


pensoid Catalytic Cracking F 
JENKINS PETROLEUM PROCESS COMPANY 
Chicago. Illinois. 
ler air > wckEiIng 
a yt AND LAUGHLIN SUPPLY CORPORATION 
©. Box 2481, Tulsa 2, Oklahoma 


M 
THE M. W. KELLOGG COMPANY 
225 Broadway. New York 7, New York 


THE LUMMUS COMPANY 
420 Lexington Avenue. New York 20. New York 


“ 


LION OIL COMPANY 
El Dorado. Arkansas. 
Ammonia Synthesis Process 
MAX B. MILLER. INC. 
501 Fifth Avenue. New York, New York. 
Duo-Sol Solvent Extraction Process 
o. L. OLSEN 
P Building. H 2. Texas. 
Stage Separation Cycling Process 
OTTO H. YORK. INC. 

364 Glenwood Avenue. East Orange. New Jersey. 
Fractional Liquid Extraction Process 
PETROLEUM CONVERSION CORPORATION 

New York, New York. 
True Vapor Phase Cracking Process 
ETRCLEUES ENGINEERING. INC. 
2. Texas. 








Gas Rectif cation Process 


PETROLEUM RECTIFYING COMPANY 
539 West Sixth Street. Los Angeles 14. California. 


Electrical Desalting Process 


PHILLIPS pesaeeaees < COMPANY 
Bartlesville. Okla’ 
ycloversion C ~~~" Cracking P 
Catalytic Reforming Process 
HF Alkylation Process 
Copper Sweetening Process 
Catalytic Desulfurization Proces 


THE PURE OIL COMPANY 
35 East Wacker Drive. Chicago. Illinois. 
T 1 Polymerization Proce 
ee apsol Gasoline Treating Process 


SHELL DEVELOPMENT COMPANY 
sO West Fiftieth Street..New York 21. New York. 
d Polymerization Proces 
Is yerization Procens 
Isqmerization Process 
ogenation Process 


_ 


xt ze - Proc ess 
Tannin-Solutizer Process 
Phosphate Desulfurization Process 
SOCONY-VACUUM OIL COMPANY 
26 ae tg New York 4. New York. 
for Pyrolytic Cracki ng Process 
Catalytic ¢ deci 


Ther 
Thermo} 


STANDARD OIL DEVELOPMENT COMPANY 
30 Rockefeller Plaza, New York 20. New York. 
Fluid Catalytic Cracking Process 
Hydrogenation Process 
Butadiene Process 
STANDARD OIL COMPANY (INDIANA) 
$10 South Michigan Avenue. Chicago 80. Illinois. 
Isoforming Process 
Iso-Pentane Isomerization Process 
Isomate Process 
STRATFORD ny * ——— raed COMPANY 
Kansas City. uri. 
Stratford Distillation Process 
STONE AND WEBSTER ENGINEERING CORPORATION 
49 Federal Street. Boston 7, Massachusetts. 
Ethylene Pre 
Sulfur from Hy drogen Sulfide Process 
SUN OIL COMPANY 
Philadelphia, Pennsylvania. 
Mercury Vapor Distillation Proce 
TEXACO DEVELOPMENT CORPORATION 
145 East — Second Street. New York 17, New York. 
? phenyl C tillation Proc 
Furfural Refining Process 
vent Dewaxing Process 


UNION OIL COMPANY OF CALIFORNIA 
Union Oil Building. Los Angeles. California. 
Continuous Shale Retorting Pr 


n Pr 


UNIVERSAL OIL PRODUCTS COMPANY 
310 South Michigan Avenue, Chicago 4. I! inois. 


w 


v sptan Extraction F 


VISCO PRODUCTS COMPANY. INC 
6216 West Sixty-Sixth Place. Chicago. Illinois 
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Index of Process Groups 


Oil Distillation 


Crude Oi Distillation Pee eee ee Stage 
of Reflux and Overhead Product System 


Top Cicuteting Ref Reflux ~~ 

yy flux System 
Crude Oil Distilloten 

Crude Oil 





Coubrough Distillation Process 
Dowtherm Vapor Heating Process 


Thermal Conversion 


Burton Cracking Process 
Burton-Clark Cracking Process 
Fleming Cracking Process 

Isom Cracking Process 

Jenkins Cracking Process 
Holmes-Manley Cracking Process 
Cross Mey | Process 
Winkler-Koch Cracking Process 
Donnelly Cracking Process 

Tube and Tank Cracking Process 
Dubbs Cracking Process 

Gyro Cracking Process 

de Florez ose | Spy 

Pratt Crackin 

True Vapor hy Cracking Process 
Lincoln Clark Cracking Process 
Unicoil Injection Cracking Proc~ss 
Two-Coil Cracking Process 

de Florez Coking Process 

Delayed Coking Process 

Multi-coil Selective Thermal Cracking Process 
Thermal Polymerization Process 
Thermal Polymerization Process 
Polyform Process 

Naphtha Polyform Process 
Naphtha-Gasoil Polyform Process 
Thermofor Pyrolytic Cracking 
Continuous Shale Retorting Process 


Catalytic Cracking & Reforming 


Fixed Bed Catalytic Cracking Process 
Cycloversion Catalytic Cracking Process 
Thermofor Catalytic Cracking (TCC) Process 
Fluid Catalytic Cracking Process 

Fluid Catalytic Cracking Process 

Fluid Catalytic Cracking Process 
Houdriflow Catalytic Cracking Process 
Simplified Thermofor Catalytic Cracking Process 
Suspensoid Catalytic Cracking Process 
Catalytic Reforming Process 

Hydroforming Process 

Isoforming Process 


Gas Conversion 


Catalytic Polymerization Process 
Catalytic Polymerization Process 
we Acid Polymerization Process 
fedvonh Acid Alkylation Process 
~ ag sd Alkylation Process 

Povaffia tion Process 
Butane YL Process 
Paraffin Isomerization Process 
Liquid-Phase Isomerization Process 
Isopentane Process 
Isomate Process 

ic Dehydrogenation Process 

rogenation Process 
Hydrogenation Process 
Catalytic Hydrogenation Process 
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Light Hydrocarbon Recovery and Separation 


Compression Process 
Gas Rectification Process 
Refrigera cod Mhncrptien'@ 

ystem 
Rich Oil Vent Tank System 
Rich Oil Vent —— ~ System 
Rich Oil Deethanizer System 
Rich Oil Preheater With Flash Tank System 
Two Stage Stripping System 
Multiple tion System 
Presaturation 
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Hypersorption Unit 
Azeotropic Distillation Unit 


Solvent Refining 


Duo-sol Process 

Furfural Refining Process 
Phenol Extraction Process 
Edeleanu Process 

Pri Deasphal ; A 1 
Propane Deas; ting ess 
Propane Decarbonizing Process 
Solvent Dewaxing Process 


Propane reat Proc 
Fractional Liquid covten Process 


Treating 


Chemical Desalting Process 
Electrical Desalting Process 
Percolation Filtration Process 
Continuous Contact Filtration Process 
Filtrol Fractionation Process 

Acid Trea 


cid Treating Process 
treating Process 
a hl Sweeteni Process 
Mercaptan ction Process 
tion Process 











Tannin Solutizer Rae 
Mercapsol Treating Process 
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Gray Clay treating Process 
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Petrochemical 





Production and Recovery by Low T 
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Process 


Process 
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Chloride Process 
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Another Example 


of 
hfficie ni Powe r 


at Lower Cost 





@ Engine side of the compressor line. showing the 
200 hp Cooper-Bessemer GMX in the foreground. used 
to re-compress still vapors to 300 psig. 


Compressors 


New York Washington Bradford, Pa. Parkersburg, W. Va. San Francisco, Cal. Seattle, Wash. 
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Cooper-Bessemer powers Humble’s Clear Loke vasoline Plant 


Processing 
50 MILLION CU. FT. OF GAS DAILY 


Humble Oil & Refining Company's new plant 
at Clear Lake is equipped with four 1000 hp 
GMV compressors, one 200 hp GMX for re- 
compression, three 140 hp GAW gas engines 
direct-driving high pressure, lean oil pumps, 
and three 375 hp JS gas engines driving gen- 
erators for plant and camp electric service — 


all dependable, efficient Cooper-Bessemers. 


Here, 45,000 gallons of de-ethanized products, 
including gasoline, butanes, and propane are 
produced daily. The largest engine-driven 
compressors, the 10-cylinder GMV's totalling 
4,000 hp, handle 25 million cu. ft. of casing- 


@These three Cooper-Bessemer 5-cylinder. 375 hp JS gas 
engines drive 250-kw. 440-volt, 60-cycle generators to supply 
plant and camp electric power. 


head gas a day. through two stages, from 60 
to 800 psig. An additional 19 million cu. ft. of 
gas well gas, plus 6 million cu. ft. of high 
pressure casinghead gas delivered from an- 
other source, makes the total 50 million feet 


processed daily. 


The Cooper-Bessemer GMV has long proved 
to be the industry's top performer for all kinds 
of compressor service within its 400 to 1000 
hp. range. There's good reason for its wide- 
spread use. Check up. It can save you money 
on space and housing, on maintenance, and 


on over-all operating cost! 


@ Three 140 hp Cooper-Bessemer GAW horizontal gas engines 
direct-driving high pressure lean oil pumps for supplying 
absorption oil to the plant's two absorbers at 800 psig. 
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Oil Distillation Processes 





(ss is possibly the most important of the unit 
processes employed by the refining, natural gasoline and 
petrochemical industry. The rapid development of con- 
version processes recently has somewhat obscured the 
basic distillation processes and equipment. This is not a 
new situation. Earlier, the intense preoccupation of 
refiners with therma! cracking reactions caused even the 
cracking units to suffer in performance because of inade- 
quate fractionation abilities. 

Nearly all processes require distillation for the sepa- 
ration of products, and many require distillation for the 
preparation of feed stocks. It has been estimated that 
distillation facilities constitute more than 60 percent of 
the capital investment in process plants. Essential appli- 
cations include the atmospheric and vacuum distillation of 
crude oil for the production of straight run products, 
cracking unit charge stocks, and lubricants, the stabiliza- 
tion of naphthas, the fractionation of gases and light 
hydrocarbons, the separation of absorbed materials from 
lean oils, the separation of reaction products from recycle 
in conversion processes, and the separation of solvents 
from products in solvent treating and dewaxing processes. 

In the case of distillation units for light hydrocarbons, 
feed and products normally consist of a relatively small 
number of pure components and separations are measured 
in terms of the percentages of contaminating component 
left in the product streams. With heavier oi!s the number 
of components present is far too large and their identity 
too uncertain to permit such theoretical treatment. Instead, 
empirical methods of calculation are used and product 
separation is evaluated in terms of boiling range. 


Crude Oil Distillation 

The atmospheric distillation of crude oil is the prin- 
cipal heavy oil distillation process, both in respect to 
thruput, in its basic relationship to all subsequent refinery 
processing and in total number of installations. Some im- 
portant petroleum products require little processing other 
than distillation. Kerosines and diesel fuels are typical 
examples. Once the bulk of gasoline maufactured was a 
straight run product of simple distillation. While present 
gasolines incorporate high percentages of cracked 
naphthas and perhaps polymer or alkylate stocks to meet 
anti-knock requirements, there is still a sizeable produc- 


tion of straight run gasoline 


Single Stage Distillation Units 

The simplest and most widely used continuous crude 
oil distillation process employs a single bubble tower 
which is usually operated at or slightly above atmospheric 
pressure, and a pipe coil heater, More complex process 
units with two or more fractionating towers and heaters 
are used to effect savings in operating costs, to allow the 
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Figure 2D. Separate Condensation of Reflux and Overhead Product 
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Figure 3D. Top Circulating Reflux System 


vacuum distillation of reduced crudes, the removal of 
hydrogen sulfide along with light gasolines, and for 
various other sound purposes. 

In a typical “topping” operation (Figure 1D) crude 
oil is pumped first through heat exchange against products 
and reflux system streams and then through a direct fired 
pipe coil heater. Sufficient heat is added in the furnace to 
vaporize all distillate products and give a slight “over- 
flash” at tower pressure to assure the presence of reflux 
liquid on the trays immediately above the flash zone. If 
these trays run dry, sharpness of separation between 
bottoms and first sidestream products will suffer. 

Gasoline produced overhead as a vapor is condensed 
for storage and to provide reflux liquid. 

Other distillate products are withdrawn from the tower 
as liquids at appropriate tray levels. In these cases a tray 
is selected whose temperature will result in the desired 
initial boiling point for the product. The end point of a 
sidestream product is largely determined by the choice of 
initial boiling point of the next heavier product fraction, 
and also by the fractionating ability of the tower in 
question, Reduced crude is withdrawn as bottoms. 

Products withdrawn as sidestreams or bottoms leave 
the tower in equilibrium state with lighter hydrocarbon 
materials which must be removed, or “stripped out” 
before fiash and fire tests can be satisfactorily met. In 
general, bubble plate stripping towers are used for this 
purpose with steam as the stripping medium. Where 
especially thorough stripping is necessary, or where it is 
desired not to let water enter the fractionating equipment. 
reboilers may be substituted for steam in the strippers as a 
source of “boil-up” vapors. 

The controlling design factor in the usual single tower 
topping plant is the percentage of the crude oil charge 
which can be vaporized for the production of distillate 
products. 

Where maximum production of distillate is desired, the 
degree of thermal decomposition that can be tolerated 
serves to limit the tower flash zone temperature. This 
usually sets the flash zone temperature in the range 
between 700° and 800° F. If kerosine, lubricating oils. 
or other sensitive stocks are processed, 700° F. may be a 
maximum or excessive temperature, while other stocks 
may not be seriously damaged by temperatures that 
approach or even exceed 800° F. Low tower pressure 
assists flash zone vaporization, Pressure is largely set by 
losses between reflux drum and the flash zone, Decreased 
pressure losses as a result of adequate sizing of tower. 
condenser, and piping helps to keep the flash zone pres- 
sure low. The effect of lower pressure can be obtained by 
injecting steam into the flash zone to reduce the partial 
pressure of the hydrocarbons. 
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Figure 1D. Single Stage Distillation Process 


Usual practice with towers of small and medium sizes 
is to handle the total tower reflux duty with gasoline 
product condensed overhead and pumped back to the 
tower top tray. An alternate method which sometimes 
saves in equipment investment utilizes a reflux condenser 
at dew point conditions in the overhead vapor stream 
(Figure 2D). A second vapor condenser with lower outlet 
temperature for overhead product total condensation, and 
separate accumulators for both reflux and product are 
employed. This scheme results in high MTD’s for the 
reflux condenser, which may have a duty several times the 
product condenser duty, so that condenser surface area 
savings may pay for the additional drum and for a pump 
required for gasoline product movement. Another popular 
reflux arrangement uses two or more trays at the top of 
the tower for heat exchange purposes (Figure 3D). A 
liquid stream is withdrawn from the lower tray of this 
exchanger section and pumped back through a cooler to 
the tower top tray. Gasoline product is condensed over- 
head. In large installations this scheme simplifies the 
overhead vapor piping and vapor condenser. Because of 
more favorable mean temperature difference in the reflux 
cooler, savings may be made in total surface requirements. 

Where the overhead product is small compared to the 
distillate products, the ratio of internal tower reflux liquid 
to overhead product may be needlessly high for fraction- 
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ation requirements, if all tower reflux is introduced at the 
top tray. If just sufficient reflux is introduced to the tower 
top to provide good separation between overhead and 
lightest sidestream product, then an intermediate circulat- 
ing reflux stream can be withdrawn, cooled, and returned 
to remove reflux heat from a lower section of the tower 
(Figure 4D). This arrangement removes heat at a higher 
temperature level and offers better opportunity for heat 
recovery by exchange against crude oil feed. Trays above 
the point of intermediate reflux introduction handle corre- 
spondingly less internal reflux liquid and vapor, and it is 
often possible to reduce the tower diameter for this upper 
section. 


Multi-Stage Distillation Units 

The “topping” plant today usually does not compete 
too successfully with the more complete refining installa- 
tions which obtain higher yields of premium products. 
Exceptions to this rule are found in foreign plants where 
different markets exist. Accordingly, most of our domestic 
refineries have additional facilities for the production of 
cracked gasolines, lubricating oils, greases, asphalts, and 
so on. The inevitable requirement of this additional 
processing is now complete separation of the crude charge 


into various boiling range fractions. This separation is 
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In this day of upward spiraling operation costs, there’s 
one man who can effect production economies. He’s the 
man whose responsibility is getting the most heat and 
power from each fuel dollar expended. He knows that Insulating Felts 

you get maximum efficiency from Eagle-Picher Industrial Supertemp Block « Blankets 
Insulations — because they’re durable, chemically and Loose Wool + Pipe Covering 
physically stable, water-repellent mineral wool. They Seatastic  tnsulsead « tneufesie 
give long years of service, and are easy to maintain, eco- Swetchek « Finishing Cements 
nomical to replace. There’s an Eagle-Picher Insulation Insulating Cements 

that can help reduce your operating expenses! 


Let these Eagle-Picher products 
save you money... power... time 


THE EAGLE-PICHER COMPANY = 


General Offices: Cincinnati (1), Ohio 
a 


Insulation products of efficient mineral wool—for a full range 


of high and low temperatures. Technical data on request. 
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For a completely effective, low -cost insula- 
tion combination, you can’t beat the team- 
work of Eagle-Picher Mineral Wool Blankets, 
Supertemp Blocks, Super ““66’’ Cement and 
Insulseal. They work effectively to give your 
equipment higher efficiency . . . cut operat- 
and help to provide perfect, 


ing costs... 


precise control over temperatures. 


THE EAGLE-PICHER COMPANY Ceneral Offices: Cincinnati (1), Ohie 


Insulation products of efficient mineral wool—for a full range 
of high and low temperatures. Technical data on request. 
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EAGLE-PICHER MINERAL 
WOOL BLANKETS 


These blankets satisfy the need 
for a convenient method of 
quickly and efficiently insulat- 
ing flat or curved surfaces on 
larger types of heated equip- 
ment. Mineral wool is felted 
and secured between flexible 
metal fabric. Outstanding 
physical and chemical stability 
enable Eagle-Picher Blarkets 
to resist water, steam, corrosive 
fumes and normal vibration. 


EAGLE-PICHER 
SUPERTEMP BLOCKS 


Eagle-Picher Supertemp Blocks 
are lightweight (approximately 
16 lbs. per cu. ft.). Can be cut 
easily with knife or saw to fit 
off-shaped areas . . . they fit 
snugly over minor irregulari- 
ties. They’re strong and have 
high refractory value. With- 
stand temperatures up to 1700 
F. Conductivity at 512 F. ap- 
proximately 0.43...all standard 
sizes, from 3” x 18” to 12” x 36” 
...in thicknesses from 1" to 4”. 


EAGLE-PICHER SUPER "66" 
INSULATING CEMENT 


Super “66” is all-purpose, rust- 
inhibitive, extremely adhesive 
insulating cement. ‘““‘Springy 
ball’’ pelletsdon’t collapse after 
application ... give great cov- 
erage, retain their thermal effi- 
ciency. 100 lbs. covers 65 sq. ft. 

1 inch thick! Easily applied 
with trowel, over flat and irreg- 
ular surfaces. Efficient for 
temperatures up to 1800 F. Re- 
claimable when used on equip- 
ment whose temperatures go 
up to 1200F.! 


EAGLE-PICHER INSULSEAL 


A tough, weatherproof, protec- 
tive coating for insulation. For 
temperatures up to 450 F. Ap- 
plied as a plastic, its smooth 
troweling qualities assure uni- 
form coverage, proper thickness. 
It protects insulation from air 
infiltration, fumes, rain, snow, 
vibration, punctures, and with- 
stands severe service, indoors 
or out. Dries to a smooth, rich 
black, has a neat appearance 
on hot or cold surfaces . . . may 
be washed or painted. 
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Figure 4D. Intermediate Circulating Reflux System 
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usually accomplished in multi-stage distillation units that 
are in principle similar to the simple topping unit. 

In certain instances, two-stage distillation conducted at 
near-atmospheric pressure offers advantages. The Lummus 
Company, New York, has built a number of such units, 
Figure 5D. These units are used for the production of 
light gasoline, solvent naphthas, kerosine, cracking stock 
and fuel oils. The two stages of distillation are carried out 
at substantially atmospheric pressure with the temperature 
in the first stage being low enough to avoid discoloration 
of kerosine. The temperature of the second stage is main- 
tained at the lower limit of the cracking range to provide 
a maximum yield of cracking stock. 

Primary flashing is accomplished through heat recovered 
by exchangers plus heat supplied by an oil heater. Prod- 
ucts removed in the first stage include rubber solvent, 
varnish makers’ and painters’ naphtha, Stoddard solvent 
and kerosine. To control the initial boiling point of rubber 
solvent, this product is condensed hot and partially 
weathered. Separation between rubber solvent and VM&P 
naphtha is easily obtained by efficient fractionation and 
without the use of any appreciable quantity of stripping 
steam. The separation between VM&P naphtha and Stod- 
dard solvent requires better fractionation than the fore- 
going separation, and since this latter is between the first 
and second side streams, reboiling of Stoddard solvent is 
employed 

The separation between Stoddard solvent and kerosine 
is readily accomplished with a small amount of steam 
stripping applied to the kerosine stream. 

For crude oils of the type for which this design is most 
applicable, the recoverable distillates between kerosine 
and fuel oil residue have no great value other than as 
cracking stock, For this reason, the secondary flashing 
operation is designed to recover a bulk distillate as an 
overhead product with the production of a minimum 
percentage of fuel oil as residue. 

A feature of this plant design is the use of a partial 
condenser on the bulk distillate which is cooled by 
exchange with partially preheated crude. The temperature 
of the crude in this unit is closely controlled to avoid 
steam condensation on the vapor side of the condenser. Oil 


vapors are almost completely condensed, Condensation of 
the uncondensed steam and residual oil vapors is accom- 
plished in a spray type condenser by direct contact with 
water. By this system the corrosion resulting from mild 
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cracking in the second heating operation is concentrated at 
one point, the direct-contact condenser. This simple con- 
denser, even fabricated of corrosion-resistant materials, is 
not costly. 

Crudes are commonly distilled under substantially 
atmospheric pressure for the removal of products through 
kerosine and light gasoil. Often the reduced crude is sub- 
jected to further distillation under vacuum for the removal 
of lubricating-oil fractions and the production of a heavy 
residuum or asphalt, These operations may on occasion be 
preceded by a flashing operation under mild pressure to 
recover light gasoline and to condition the crude. for 
further processing. 

In earlier refineries, vacuum distillation units often 
operated independently of topping units, The tendency 
now is to combine all crude distillation operations into a 
single combination unit, thus saving in utilities cost, inter- 
mediate tankage requirements, and operating costs. Where 
sweet crudes are processed, two-stage units having an 
atmospheric tower and a vacuum tower have been much 
used. With sour and salt crudes, a third “preflash” stage 
is often desirable. Such units are designed and built by 
many engineer-contractor organizations. The flow diagram 
(Figure 6D) illustrates a three-stage distillation unit de- 
signed and constructed by E. B. Badger & Sons Company, 
Boston, Three-stage distillation when applied to light and 
medium crudes offers increased flexibility of operation and 
a means of cembatting corrosion due to sulfur, salt, and 
water. 

In the first column, operating at 25 to 75 psig., light 
gasoline is recovered overhead, and water and hydrogen 
sulfide are eliminated from the flashed crude. The wet 
crude charge is preheated in tubular exchangers at a low 
temperature level, minimizing corrosion difficulties from 
salt, water and hydrogen sulfide. It is dehydrated by flash- 
ing and stripping in the primary tower, This stripping is 
accomplished by reboiling the primary tower bottoms in 
a fired heater. Since no steam is employed for stripping, 
very-low-boiling products can be recovered overhead with- 
out danger of condensing water in the tower, thus mini- 
mizing corrosion from this source. Condensation of light 
hydrocarbons overhead can be effected by operating at 
suitable pressures, whereas it is impracticable to do this 
in the main tower at atmospheric pressure. The control of 
separation between the gas and light gasoline and the light 
naphtha can be accomplished separately and therefore 
more effectively. Furthermore, a properly conditioned and 
dried oil is obtained for charging to the fired heater, thus 
overcoming difficulties due to salt deposition in the heater 
tubes. The top section and condensing equipment in the 




















Figure 6D. Three-Stage Distillation Unit 


atmospheric tower can be designed to take advantage of 
the elimination of the corrosive agents in the primary 
tower. 

The secondary tower operates at substantially atmos- 
pheric pressure to remove light naphtha overhead, a heavy 
naphtha fraction and kerosine and gasoil as side streams. 
Stream is used for stripping the side streams and bottoms, 
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Figure 8D. Gover's Diphenyl! Distillation Process 


but since the light gasoline is removed in the primary 
tower, the temperature level is sufficiently high to prevent 
condensation of water on the upper trays. 

The vacuum tower produces a heavy gasoil overhead, 
light and heavy neutral and cylinder stock as side streams, 
and a heavy residuum as a bottoms product. As indicated 
on the flow diagram, the vacuum condensers have been 
mounted in the top of the tower although they may be 
supported above and outside the tower, In smaller units 

Figure 7D. Doherty Distillation Unit where the vapor lines are of moderate size, the condensers 
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’ absorption plant in Ector 

gas is taken in from the field at 

“ atmosphere and 7 psig and com- 
two stages to a final discharge pressure 


§ psig. Compressor installation shown here 
of eleven Clark 800-BHP Right Angles. 


in this modern gasoline absorption plant in Several producing companies co-operated on this joint 
Yoakum County, Texas, Clark Right Angle Com- conservation project in Texas. This fine, modern plant 
pressors take gas from the field at pressures be- is equipped with Clark 8-cy!., 1600-BHP “Big Angles”, 
tween atmosphere and 7 psig and compress it shown above. Flare gas is compressed in three stages 

up to 1000 psi and discharged into a pipe line for 


in two stages to 205 psig for processing. 
transmission. 


SETS THE PACE IN 
COMPRESSOR PROGRESS 














OF OIL AND GAS INDUSTRY 


robably the most important development in 
the petroleum industry in recent years is the 
spectacular progress made in conservation 
measures. Modern repressuring, recycling and 
gasoline absorption plants save untold quanti- 





ties of gas and oil, both for current use and for 
the future, that would otherwise be wasted. 
Clark Compressors are playing a major role 
in this great enterprise. In 1948, over 100,000 
BHP of Clark units were installed in Texas 
alone, fcr use in conservation projects ... Big 
Angles, Midget Angles and Right Angles. 








In this plant near Beaumont, Texas, 
gathered from the field, ¢ 

through an absorption process and 
is extracted. Residve gas is then 

are Clark 8-cyl., 800-BHP Right 
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Figure 9D. Schulze Vacuum Distillation Process 


may be placed at a lower level for convenience. Pumps 
generally are used for removing vacuum distillates from 
the system, but in some instances where pumps are subject 
to severe corrosion such as by naphthenic acids in the 
distillate, steam lifts and barometric legs are used. 

Over the years almost countless designs for distillation 
apparatus have been developed and used. Many of these 
designs were single installations, while others were built 
in number. Many now have only historic interest. 

The DOHERTY distillation unit (Figure 7D) was an 
otherwise conventional pipestill and tower atmospheric 
distillation unit which maintained the temperature gradi- 
ent over tower bubble decks by means of special partial 
condensers which supplied individual reflux streams to 
each bubble tray—and provided for heat exchange be- 
tween products and incoming crude. 

The GOVER’S process, Figure 8D, was a vacuum dis- 
tillation system that employed diphenyl! as a heating 
medium—thus avoiding contact between lubricating oil 
stocks and the hot metal surfaces encountered when direct 
fired oil heaters are used. It was used by Indian Refining 
Company at Lawrenceville, Ill., (The Texas Company). 


The MERCURY VAPOR process was employed by Sun 








mansion on 

















Oil Company for the manufacture of lubricating oils. 
Mercury, used as a heating medium, was employed to 
effectively prevent decomposition of the products during 
processing—by avoiding contact with hot metal surfaces. 

The SCHULZE VACUUM Process, Figure 9D, was 
a high-vacuum dry process for lube oil distillation, widely 
used in the early twenties. 

A typical installation flashed hot topped crude in an 
evaporator, at 3 to 5 mmhg. There were no trays in the 
evaporator, as pressure drop could not be tolerated. 
Flashed vapors, after condensation, were fractionated in 
a conventional vacuum tower at some 15 to 25 mmhg. Tar 
residue from the low pressure flash was removed as a 
product. 

In the STRATFORD distilling process, Figure 10D, 
Stratford Engineering Company, Kansas City, crude 
heating was accomplished by mixing the crude, after heat 
exchange, with a large circulating stream of hot gas oil. 
The gas oil stream, 60 times the crude flow, circulated 
through a furnace, where very slight increase in tempera- 
ture of course served to accommodate wide variations in 
crude feed rate or heating requirements. Flexible opera- 
tion was attained. 
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Figure 11D. Carrier Distillation Process 


The COUBROUGH process, Figure 11D, used in some 
designs of the Lummus Company, New York, employed a 
“carrier” to assist in the separation of asphaltic residues 
from reduced crudes. Reduced crude from a vacuum dis- 
tillation step was mixed with a light distillate “carrier.” 
The mixture passed through an oil heater to a vacuum 
fractionating tower where the distillate product, assisted 
by the “carrier,” was flashed to leave a low penetration 
asphalt residue, very heavy distillate being produced as a 
side stream, and the lighter “carrier” distillate being con- 
densed overhead. 

The DOWTHERM vapor heating process has been ap- 
plied to a number of distillation unit designs by Foster 
Wheeler Corporation, New York. “Dowtherm,” the heat 
medium, a eutectic mixture of diphenyl and dipheny|-oxide 
(Dowtherm A) has been used satisfactorily for oil tem- 
peratures of 400° to 650° F. Decomposition of Dowtherm 
is negligible up to 700° F. Atmospheric boiling point is 
500° F. Vapor pressure at 700° F. is 88 psi., correspond- 
ing to saturated steam at over 3000 psi. For several years 
The Dow Chemical Company and Foster Wheeler Cor- 
poration have cooperated in the application of Dowtherm 
to industrial process heating. Foster Wheeler holds ex- 
clusive rights for building all Dowtherm boilers having 
capacities of 1,000,000 Btu./hr. or over. 
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Mid-Continent Area : 

In addition to the equipment shown The — — ——---- ce 
Condit Company offers Zallea Expansion ph moc 
Joints, Trinity Thermowells, Weston Ther- PS 
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mometers, International Mixers and Heil CENTRIFUG 
Chemically Resistant Equipment and Linings. 

Let a Condit Company Sales Engineer 


work with you on your problems involving 


these top-grade lines of Process Equipment. 
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@ Brown Fintube THERMO-FLO Tank Heaters 
are service proved — and offer many advantages as 
compared to the old method of using a bare pipe 
coil on the bottom of the tank. 


EASY INSTALLATION—THERMO-FLO heaters are 
compact units. They will pass through a standard 
20 inch manway with ample clearance. 


REDUCED FOULING—The vertical mounting prac- 
tically eliminates depositing on the tubes, and 
avoids the necessity of heating through a layer of 
sediment. 


EFFICIENT HEAT TRANSFER — THERMO-FLO 

heaters set up a thermal siphon or “flow” within 

the tank, resulting in highly efficient heat transfer 

— and avoiding stratification. 

LOW VOLUME DISPLACEMENT—Due to Brown's EASY MAINTENANCE—THERMO-FLO heaters can be 
exclusive finned tube construction, each lineal removed from the tank easily and repaired or cleaned 


foot of fintube in the THERMO-FLO heater has outside the tank,— or a damaged heater can be re- 
the surface equivalent of 6 lineal feet of plain placed with another standard heater from stock. 


bare pipe. 

lid HIGHLY FLEXIBLE—THERMO-FLO heaters can be in- 
STURDY CONSTRUCTION — THERMO-FLO stalled in new or existing tankage and additional 
heaters are built to a standard design —in low units can be added to meet changing conditions. 
cost production quantities — and are completely 
assembled and tested before shipment. MEET ANY REQUIREMENT—THERMO-FLO heaters 

: can be installed singly or in groups. Fabricated from 
INEXPENSIVE— Users report that the cost of a mild steel, stainless steel, monel, everdur, admiralty 
group of Brown Fintube THERMO-FLO heaters or other metals, to meet individual conditions. 
—plus their installation —is /ess than just the 
installation of a bare pipe coil having equivalent Bulletin No. 491 Gives Full Details. 
heating capacity. Write for a copy. Today! 





THE BROWN FINTUBE CO. FINTUBE 
ELYRIA, OHIO HEAT TRANSFER 
PRODUCTS 
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Thermal Conversion Processes 





Te thermal conversion of petroleum fractions of low 
market value to more salable products has long been 
practiced in the industry. Early operators of batch stills 
discovered that prolonged heating of heavier fractions 
produced lighter decomposition products. The yield of 
desirable kerosine boiling range material could thus be 
increased, The technique was later extended to increase 
gasoline production. 

Growing domestic demand for motor fuel was intensi- 
fied by the military requirements of World War I, Crack- 
ing processes gained in importance. The batch process 
was modified to semi-continuous operation. Tubes were 
added to fired shell stills to improve heat transfer charac- 
teristics, and finally the pipe still heater, developed for 
distillation, was applied to thermal cracking to achieve 
continuous operation. Many thermal cracking schemes 
were devised and patented and many attained some degree 
of commercial application. The earlier processes employ- 
ing fired pressure vessels have long since been replaced 
by more modern processes using pipe coil heaters. A few 
isolated installations of the earlier apparatus 
continue in operation. Some of the earlier processes. 
especially those using coil heaters, have modern counter- 


process 


parts in extensive use. 

The BURTON 1T). regarded as the 
first commercially successful cracking process in this 
country, was developed by Standard Oil Company 
(Indiana). and patented in 1912. Earlier, less successful 
equipment had been used in small scale cracking oper- 
ations, The charge was heated in a horizontal shell still at 
some 60 to 70 psig. Vapors from the charge including 
cracked gasoline passed to a dephlegmator where the 
heavier components were condensed and returned to the 


process (Figure 
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Figure 3T. Fleming Shell Still Cracking Process 


still for further cracking. The BURTON-CLARK modifi- 
cations (Figure 2T) to the process included inclined oil 
tubes beneath the still for better heat transfer. The stills 
were installed in batteries and had a working cycle of 
about three days. Capacity of the modified unit was not 
over 200 barrels per day, gasoline yield about 35 percent. 

The FLEMING process, used in early (1920) opera- 
tions of Shell Oil Company's Martinez, Calif., refinery is 
similar, but used vertical stills (Figure 3T), Fresh stock 
enters the dephlegmator rather than the still and returns 
to the still with the condensed vapors. The pressure is 
about 100 psig. 

In the ISOM process (Figure 4T), used by Sinclair 
Refining Company, the heating is accomplished in parallel 
vertical tubes 4 inches in diameter and 20 feet high. The 
tubes were attached to a horizontal shell, Feed and de- 
phlegmator condensate entered the reaction vessel and 
were pumped hot. 

The JENKINS process, developed by Jenkins Petroleum 
Process Company, Chicago, also employes a horizontal 
vessel as the principal reaction chamber (Figure 5T). A 
bundle of inclined tubes are used for heating the oil 
change, and rapid circulation through these tubes is pro- 
vided by a motor-driven propeller. Operating pressure is 
about 200 psig. and cracking zone temperatures range 750 
to 850° F. Single units have capacities of 500 to 1500 
barrels of gasoline product per day. On-stream periods 
vary from 20 to 90 days. Pretreatment of products in the 
unit is accomplished by adding a mixture of oil and lime 
to the reflux tower, Clay towers serve for vapor phase 
treatment of gasoline product. Gas-oil products are re- 
cycled. Charge stocks include topped crude, gasoils, and 
mixtures of gasoil and crude oil. 

Thermal cracking processes find extensive use in modern 
refineries. Principle applications include the severe crack- 
ing of virgin and catalytic cycle gasoils for gasoline 
production, the mild cracking or viscosity-breaking of 
viscous reduced crudes or heavy residues for the produc 
Refiner—l" 


mw 


































































































Figure 5T. Jenkins Cracking Process 


tion of gasoil cracking stocks and less viscous fuel oils, 
the coking of heavy residues to obtain high yields of 
gasoil cracking stocks with no liquid residues, the crack 
ing or reforming of low octane straight run naphthas to 
produce high antiknock gasolines, and the thermal con- 
version of refinery gases to motor fuels. 

The heating of hydrocarbon materials for thermal con- 
version is accomplished in various manners. Most proc- 
esses provide for heating the feed to reaction levels by 
placing it in vessels or passing it through pipecoils that 
are located within fired combustion chambers, Heat 
medium materials, such as molten metals, have been used 
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for small scale applications. Gas heat mediums, and direct 
heating by partial combustion of the feed, have also been 
used in some degree. High temperature low pressure crack- 
ing of gases and oils to produce unsaturate and aromatic 
materials for chemicals manufacture is practiced commer- 
cially. Further development of such processes using con- 
ventional apparatus depends on the availability of tubing 
materials for operation in heaters ‘at higher levels of tem- 
perature and pressure. Regenerative heaters, chambers 
containing refractory checkerwork heat medium materials 
which are alternately heated with hot combustion gases 
and then used to supply heat to hydrocarbon feed stocks 
have been employed on a limited scale by the oil industry. 
Modern variations of this old idea, however, offer cori- 
siderable promise, and higher temperatures for pyrolysis 
operations can be achieved by the adaptation of equipment 
developed for the continuous catalytic cracking processes. 
Inert materials substituted for catalyst serve as heat 
carrier mediums to raise the hydrocarbon feeds to high 
temperatures, and also serve to remove coke production 
from reaction zones. 

In simpler versions of modern thermal cracking 
processes, fresh feed, possibly in combination with recycle 
gasoil, is pumped through a furnace coil where the 
charge is heated to cracking temperature. Feed rate, coil 
diameter and length, oil temperature and pressures are so 
selected and the equipment so operated that the charge is 
held in the coil under cracking conditions exactly the 
right length of time for the desired conversion to products 
to occur. At any given thruput rate adjustment of coil di- 
mensions or temperatures serve vary the extent of 
cracking, the percentage of gasoline formation. This is the 
Increased temperature and in- 


to 


basic cracking process, 
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STUFFINGBOXLESS PUMP 
Capacity, head ond temperature ranges 
according to type of pump furnished 
for individual job application. 

Basically different, this pump has no stuffing boxes 
and there is no escape to atmosphere of the 
pumped liquid. It is first choice for pumping high- 
ly volatile liquids. This pump is a combination 3 
3-phase induction motor and any one of several 
standard type Byron Jackson pumps, built as com- 
pact vertical, self-contained, mechanically sealed, 
pumping units. The motor is built integral with the 
pump end is housed in a water-tight, jacketed 
casing which is filled with oil of high dieelectric 
strength to provide electrical protection and lubri 
cation for the motor in addition to forming ame 
dium for transfer of partial discharge pressure to 
the motor end of the mechanical seal. A two com 
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HYDROPLEX PUMP 

Capacity Range: 15-55 gpm. = 

Head Range: 360-1600 feet. 
The Hydroplex is a standard, low cost unit, 
designed primarily for handling non-abrasive and wnt 
non-corrosive liquids. It is a vertical, single case, 
multi-stage pump, direct-connected to a 3550 RPM, 
220/440 volt, 3 phase, vertical, drip-proof, solid : 
shaft motor and sold only as a complete unit. Ver- wre 
tically split volute case and motor barrel are cast = 
integral and bolted together with gasket between 
ground faces. Designed for low capacity, high 
pressure service. The vertical construction permits 
use of a simple foundation and requires a minimum 
of floor space. Standard materials: Cast iron, 
bronze fitted, chrome shaft. Maximum operating 
temperature is 250° F.; maximum operating pres- 
sure 670 Ibs.; hydrostatic test pressure 750 Ibs. 


VMT PUMP | . 


Capacities to 1000 gpm, heads to 250 psi, 
temperatures to 250° F, with standard 
materials. Larger sizes, higher tem- 
peratures on special order. 

Designed for handling liquids—hot or 
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HYDROPRESS PUMP 
Capacity Range: 10-300 gpm. . 
Head Range: ceptietagead feet. ‘ 
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DOUBLE SUCTION HOT Ol PUMP 
(SINGLE STAGE) 

Capacity Range: 1000-7000 gpm. 
Head Range: 100-700 feet. 
Developed for capacities beyond the range of 
Single Suction Process Pumps. Design is based on 
proven principles of construction essential for su- 
perior service in handling high temperature liquids 
on continuous operation. Three pump sizes are 
available—é x 8 x 1O—6 x 10 x 14 and 12 x 16x 20. 
Low entrance velocities and axial balance are ob- 
tained by use of a double suction impeller. Rotating 
element can be removed as a unit without disturb- 
ing the piping or driver. Pump can be constructed 
of a wide selection of materials to suit specific 

conditions. 








SM PROCESS PUMP 
Capacity Range: 10-1400 gpm. 
Head Range: 20-650 feet. 

A horizontal, single stage, single suction, split case 
centrifugal pump for use where temperatures and 
pressures are high, suction liquid levels low, where 
hot and cold liquids near their boiling points must 
be handled, and where liquids impose severe condi- 
tions on stuffing boxes. An ideal pump for handling 
urry. Alignment is maintained at any temperature 
Bearing bracket, shaft and impe 
movable without disturbing piping, case, or driver 
For temperatures to 850 Standard materials 
Cases and impellers of cast iron, Meehanite, Ni- 


ller assembly re 


resist carbon or chrome alloy steel, or other alloy 


best suited to particular service 


ACID BUTANE PUMP 
Capacity Range: 2000-4500 gpm. 
Head Range: 50-300 feet. 

This special purpose pump is designed for handling 
acid butane and other corrosive liquids. It is a 
horizontal, single stage ngle suction, split case 


rifugal provided with a removable, split 


1, stuffing box for ease in packing 

; arranged with wearing rings to obtain 

j ssure on the stuffing box. Nozzles are 

adapted to conform to overhead piping. Bearing 

bracket, shaft and impeller assembly removable 
without disturbing piping, case or driver. Built in 
two sizes, 8 x 10 x 16” and 10 x 12 x 18". Materia 

to suit particular operating conditions. 
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THE SUBMERSIBLE 


Capacity Range: 25-6000 gpm. 
Motor Sizes: 5-350 hp. 


A combination of a deepwell bow! assembly and e 
Byron Jackson vertical induction motor with 
patented features for sustained operation sub- 
merged in a few or under hundreds of feet of 
water. Motor is suspended below pump bowls and 
connected with them through a heavy cast iron 
grid-type strainer. Rotating element of bowl 
assembly is driven from the bottom where the 
extended shaft is coupled to the motor shaft by 
means of a steel coupling. Power is supplied to 
the motor through. an armored submarine cable 
supported at 10 Toot intervals on the column pipe 
and extending to starting equipment at the catia 
Column pipe, from which motor and pump assembly 
are suspended, is supported at the surface by heavy 
combination surface plate permitting discharge 
elbow or vertical riser pipe to be prio Bh Ability 
of the Submersible to operate submerged is 
obtained through two major features—hydrostatic 
balance and a mercury seal. This pump is ideal for 
remote, concealed or difficult ‘o reach locations. 


THE DEEPWELL PUMP 


Capacity Range: 25-7000 gpm. 
Head Range: 10-600 feet. 
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THERMAL CONVERSION PROCESSES 





creased time each give increased decomposition. The 
choice of low temperature and long “soaking” time, or 
of higher temperature and less soaking time may thus be 
roughly equal in terms of cracking results. Pressure has 
relatively less effect, but establishes liquid-vapor phase 
conditions in the coil and influences the rate and occur- 
rence of decomposition and polymerization reactions. The 
coil may be supplemented with a “soaking drum” or 
reaction the outlet end to provide additional 
reaction time 


vessel at 


Mixed-Phase Gasoil Cracking 


important thermal pro essing con 


cracking of 


Perhaps the most 
ducted in the gasoils for the 
production of gasolines. In large scale 
installation of catalytic cracking units has to some extent 
supplanted ihe thermal processes as the principle means 
for gasoline manufacture many refiners have as 
yet not installed catalyti The ones that have 
such equipment often find existing thermal units the best 
working off catalytically produced cycle 


refineries is the 


recent years the 


Even so. 


processes 


means for 
gasoils. 
The HOLMES-MANLEY utilizing 
a vertical tube cylindrical heater (de Florez) and several 
vertical vessels to provide long reaction time. It has been 
extensively used by major oil companies chiefly for proc- 
essing gasoils, and is licensed through The M. ‘W. Kellogg 
Company, New York, patent rights of 
Products Company, Inc., Jersey City, N. J. 
Products Company is jointly owned by The Texas Com- 
pany, Standard Oil Company (Indiana), and The M. W 
Kellogg Company. Early installations employed high 
liquid levels in the vertical stills. Soaking was primarily 
in the liquid state. Later units maintain low liquid levels 
in these vessels to provide vapor phase soaking which 
contributes to gasoline antiknock quality (Figure 6T). 


process 1s a system 


under Gasoline 
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Vapor flows down the No. | vessel, through a vapor line 
to No. 2 vessel, up No, 2 vessel, and so on. Liquids are 
removed under level control from the base of each vessel 
and flashed to near-atmospheric pressure in a tar-stripper. 
Cracked tar is sent to storage, flashed heavy gasoil re- 
cycled to the coil. Temperature at furnace outlet ranges 
800 to 900° F. Coil outlet, soaking vessels, and bubble 
tower operate at 300 to 400 psig. 

The CROSS process, licensed through The M, W. Kel- 
logg Company, New York, under patent rights of Gasoline 
Products Company, Inc., uses a furnace cracking coil and a 
single reaction vessel (Figure 7T). Pressure in the crack- 


ing zone is high, some 750 to 1000 psig. Furnace outlet 
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Figure 8T. Winkler-Koch Cracking Process 
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Figure 6T. Holmes-Manley Cracking Process 
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Figure 7T. Cross Cracking Process 


temperature is in the order of 930° F. In modern designs 
the reaction vessel is often’ omitted. The process is much 
used as the basis for combination units providing a com- 
plete system of crude oil processing. Crude oil is heated 
for the distillation of straight run gasoline and kerosine 
by heat exchange with cracking unit streams. Topped 
crude is mildly cracked for the production of high yields 
of gasoil plus a little gasoline and low viscosity fuel oil. 
Straight run gasoil and gasoil from crude cracking are 
severely cracked in a Cross coil for the production of high 
vields of gasoline. 

The WINKLER-KOCH process (Figure 8T)}, developed 
by Winkler-Koch Engineering Co., Wichita, Kan., is cred- 
ited with being the first of the high-pressure cracking 
processes that was widely successful using coil-only crack- 
ing without reaction chambers, Presently many gasoil 
cracking processes are so designed. Higher temperatures 
in the coil are required because of the shorter soaking 
time at cracking level. Better control of the cracking 
reaction is possible, especially if furnace designs are 
arranged to allow variation of the heating curve along 
the cracking coil, using separate combustion chambers 
for heating and cracking zones. 

The on-stream periods of thermal cracking units are 
usually terminated by the build-up of excessive pressure 
drops through the system because of coke deposition in 
the cracking zones. In many “slide valves” 
provide manual regulation of pressure drop between re- 
action zone and fractionating section, Figure 9T. When 
the pressure drop at desired thruput becomes too high for 
the charge pump. even with the slide valve opened, the 
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Figure 10T. Donnelly Cracking Process 
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unit is shut down for cleanout. To accurately terminate the 

cracking reaction, and to provide an ample flow of liquid ’ 
to wash transfer lines free of condensing liquid droplets 

which cause coke formation by long exposure to cracking 

conditions, it is common practice in gasoil cracking to 

inject a cooled stream of “quench” liquid. This quench is 

often injected through a slide valve bonnet. 

The DONNELLY process, developed and licensed by 
Donnelly Process Corporation, Chicago, utilizes coil-only 
cracking (Figure 10T), A characteristic of the process is 
the use of quick cooling, or “quenching” to terminate the 
cracking reactions at the desired point, thus preventing 
carbon formation and deposition in the apparatus, In the 
unit shown, reduced crude feed is injected into the furnace 
transfer line immediately after a pressure reducing valve. 
This mixing with feed quickly lowers the furnace effluent 
temperature below cracking level. Straight-run and 
cracked tar are removed as flash drum bottoms. Furnace 
charge is a mixture of cracked and virgin distillate mate- 
rials. 

The TUBE-and-TANK process, licensed through The 
M. W. Kellogg Company, New York, under patent rights 
of Gasoline Products Company, Inc., employs a furnace 
coil and a reaction vessel or “soaker.” Pressures in the 
soaker and at furnace outlet are high, 750 to 1000 psig. 


137 





THE F LUID (GAS OR LIQUID),___ 
THE TEMPERATURE__ 
AND THE PRESSURE _- 








Vertically-split Horizontally -split, Vertical, 
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Non-lubricated cylinders 4-cycle gas-engine-driven 
Steam-ariven for compressors of compressors for 
compressors, all sizes - for jobs pressures to 6000 psi 
hp sizes to 3000 requiring oil-free air or gas 75 to 1200 hp sizes 


Air-cooled 
compressors, 
Y% to 90 hp 








Synchronous motor-driven compressors, Belt-driven compressors for Centrifugal Blowers for 
pressures to 15,000 psi pressures to 3009 psi, pressures from 4% to 100 psi 
75 to 3000 hp sizes 5 to 300 hp sizes —2 to 30,000 hp sizes 
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Gas engines—185 Steam-jet ejectors— A type for every need— 
to 1200 hp steam condensers— Impact wrenches—drills— 
Diesel Engines— reciprocating vacuum pumps— grinders—chippers—scales— 
225 to 900 hp water-vapor refrigeration tampers—diggers—etc. 
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Fractionation is performed at low pressures, 60 to 100 
psig. The process is applied chiefly to the cracking of dis- 
tillates, although reduced crudes are often handled, Gasoil 
products are recycled to the cracking coil. 

The DUBBS process, licensed by Universal Oil Products 
Company, Chicago, uses a furnace cracking coil, a reactor 
where furnace outlet products are held for the completion 
of cracking reactions, a flash drum where fuel oil is sepa- 
rated as a residual product, and a fractionator where 
gasoline product, gas, and recycle gasoils are separated. 
The system from coil outlet to fractionator reflux drum 
usually is operated in the 250 to 300 psig. range. The 
basic gasoi] cracking process is commonly expanded to 
provide facilities for the cracking of reduced crudes and 
light and heavy gasoils. A typical Dubbs installation using 
two furnace coils is described in the paragraphs devoted 
to combination units. 


Vapor-Phase Gasoil Cracking 

Pressure cracking systems are regarded as “mixed 
phase” processes. The charge under reaction is a mixture 
of vapor and liquid through at least a portion of the heat- 
ing zone, even though there may be a state of complete 
vaporization near the coil outlet. Another major group of 
processes accomplish the cracking reactions at low pres- 
sures and high temperatures while the charge is entirely 
in the vapor phase. 

The GYRO process, Figure 11T, was a pioneer in the 
field of vapor-phase cracking. The system operates at low 
pressures to produce high antiknock quality gasolines 
from a variety of charge stocks. Charge is mixed with 
cracking coil effluent in a transfer line “arrestor” spray 
nozzle. The mixture is fractionated to separate a gasoline 
cut, and the heavier bottoms materials routed to a furnace 
coil for preheating to about 700° F. and flashing. Vapors 
from this flash flow through the furnace cracking coil 
where they are heated to some 1100° F. The arrestor 
serves to drop the coil outlet stream to about 600° F. 
Fuel oil is produced as evaporator bottoms. 

The deFLOREZ process, licensed through The M. W 
Kellogg Company, New York, under patent rights of Gaso- 
vertical evlindrical 
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Figure 11T. Gyro Vapor Phase Cracking Process 
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Figure 13T. Lincoln Clark Vapor Phase Cracking Process 


feed preparation so that only distillate stock of suitable 
boiling range and color enters the furnace coil, cracking 
temperatures up to 1080° F. are used, with pressures of 
100 to 200 psig. Fresh feed is heated by exchange and by 
direct contact with gasoil vapors in a fuel oil flash tower. 
then mixed with furnace products to flow into the soaker. 
The soaker liquid level is controlled to hold only a small 
volume in the vessel base. Vapor and liquid are removed 
separately through pressure reducing valves. The vapors 
go to fractionation where thoroughly “scrubbed” gasoil 
is separated as furnace charge. The liquid goes to a flash 
tower where heavy gasoil is separated for return to the 
main cracking system fractionator. 

The PRATT process, developed by The Automotive 
Distillate Corporation, St. Louis, employs low pressures 
and high temperatures. Vapor phase cracking is conducted 
in a furnace coil. Feed may be heavy oil, such as reduced 
crude. A feature of the process is the intimate mixing of 
hot furnace effluent, possible at 1100° F. with heavy feed 
oil in a specially designed baffled evaporator. This vessel 
is held at some 780° F. and some decomposition of fresh 
feed stock results. Cracked residuum is produced from 
the bottom of the evaporator. Vapors go to fractionation 
where gasoline product and gasoil for recycle are sepa- 
rated. 

The TVP, “True Vapor Phase” process, Figure 12T, 
licensed by Petroleum Conversion Corporation, New York. 
is arranged so that no cracking can occur in the liquid 
phase. In this process distillate feed stocks are preheated 
in a furnace coil to just below cracking temperature. Very 
hot recycle gas is then combined with preheated feed to 
raise the temperature to cracking level and the mixture 
held a suitable time in reaction chambers, In heavy oil 
cracking, the charge is first flashed to remove tar and 
residual materials. The feed to the preheater coil is routed 
through an absorber for enrichment by contact with efflu- 
ent gases from the process. The heat medium recycle gas 
is heated in a separate furnace coil. 

The LINCOLN CLARK process is a vapor phase system 
utilizes direct contact with combustion to 
cracking temperatures. Figure 13T. Gasoil is 
charged to a furnace coil, heated to around 750° F.. 
passes through a separator for liquid removal and the 
vapors routed through a second furnace coil for heating 
to about 810° F. The vapors are then mixed with hot flue 
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Figure 12T. True Vapor Phase Process Adapted to Reforming 


gas from a pressure combustion chamber, The mixture 
enters a reaction chamber where cracking occurs, The 
cracked materials and flue gas are fractionated for sepa- 
ration of gases, products, and gasoil recycle. The pressure 
combustion chamber operates at 40 psig. Combustion is 
controlled to completely burn fuel, either gases or oil, to 
avoid excess oxygen in the hot flue gases. 


Reduced Crude Cracking 


The single-pass cracking of reduced crude and of 
heavy gasoils is employed to produce fuel oils of low 
viscosity, low pour-point. The apparatus used is similar to 
a single-stage crude distillation unit, except that the fur- 
nace is designed for cracking service, and provisions are 
made to handle a greater volume of gases from the tower 
reflux drum. Such units are also much used to prepare 
gasoil feed for catalytic cracking operations. They pro- 
duce a small yield of low quality gasoline, a lot of gasoil. 
and less fuel oil of specified viscosity than would result 
from the parallel distillation operation with lower furnace 
temperatures, Alternately, reduced crude cracking may be 
conducted for an ultimate yield of gasoline, cracked fuel 
oil, and gas, In this process gasoil is recycled to extinction 
in the same coil used for reduced crude cracking. This was 
more or less standard practice in the small refineries a few 
vears back. The process suffers octane number and yield 
disadvantages in comparison with multi-coil selective 
cracking and is now less used. 

One variation, the UNICOIL INJECTION process. li- 
censed through The M. W. Kellogg Company under patent 
rights of Gasoline Products Company, Inc., Jersey City. 
N. J., Figure I4T, is well suited to small refineries. The 
feed, topped crude, is introduced into a high temperature 
gasoil cracking coil at the optimum intermediate point. 

Recycled gasoil, the initial feed to the coil, is refractory 
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and requires longer exposure to cracking conditions than 
the more easily cracked fresh feed, if maximum yields 
are to be achieved. Accordingly, suitable cracking condi- 
tions for each stock are obtained by judicious choice of 
a fresh feed injection point. To allow operating flexibility, 
several alternate injection points are provided. 

Universal Oil Products Company, Chicago, has de 
veloped equipment for thermally cracking topped or re- 
duced crudes that is widely used. Their process is centered 
about a TWO-COIL CRACKING unit designed for opti- 
mum results when producing cracked fuel oil residuum, 
Figure 15T, The topped or reduced crude charge is in- 
troduced to the side of a fractionating column where it is 
contacted with vapors from the flash chamber. Overhead 
product is end-point gasoline. The middle distillates are 
withdrawn as side cuts stripped to specifications. Higher- 
boiling distillate comprising the lower-boiling fractions 
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Figure 14T. Unicoil Injection Cracking Process 








A client contemplating new 
construction frequently knows the 
fundamental process scheme. The 
client's knowledge of his basic 
process is then complemented by 
Badger’s broad experience in the 





design and efficient construction 
of plants using similar types of 
processes in allied industries. This 
teamwork has produced plants 
giving maximum dependability of 
operation with minimum operating 
costs. It may represent the 
approach to your next project. 


PROCESS ENGINEERS and CONSTRUCTORS for the 





ComPLEMENTARY 
TEAMWORK... 


In many cases the client's knowledge 
of the details of a specific problem, plus 
Badger’s ability to engineer and construct 
facilities to produce the desired resulis, 


form an ideal team. 


E. B. BADGER & SONS CO. Est. 1891 


BOSTON 14 . NEW YORK - SAN FRANCISCO - LOS ANGELES - LONDON 
, A SUBSIDIARY OF STONE & WEBSTER, INC. 
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Figure 15T. Dubbs Two-Coil Cracking Process 


of both reeycle and charging stocks is withdrawn as charge 
to the light-oil heater. Heavy-oil heater charge including 
straight run tar 
Heater outlet lines enter the top of a 


is withdrawn from the fractionator base 
reactor which is 
yperated without liquid level control. Reactor products are 
vithdrawn at the base through a pressure reducing valve 
to enter the flash chamber, Here fuel oil residuum of the 
lesired properties is separated. With the “Equiflux” heater 
incorporated into the two-coil selective cracking process 


t is possible to obtain temperatures as high as 920° F, in 


the middle of the reaction chamber. At this temperature 
evel the heavy charge is subjected to far greater time- 
temperature action than can possibly be achieved without 
the use of the reaction chamber as a means of viscosity 


re iking 


f the entire reaction chamber is 


In this two-coil unit the average temperature 
greater than the maxi- 
num temperature ordinarily attained in coil-only viscosity 
reaking. Yields are improved and plant costs reduced. 


To illustrate comparative results, the yields shown in 
Table 1 are representative when charging a typical 25 
API Mid-Continent reduced crude having a viscosity of 20 
S.F.S. at 122° F. (Volume percent of feed). 


TABLE 1 


Yields from 25° AP! Mid-Continent Reduced Crude in 
Residuum Operation 


Gasoline 


Gasoline, 400 E.P., 10 RVP 

Furnace Distillate 

Fuel Oi 

Liquid volume loss 

Gaa, cu. ft/bbl 

Octane number (A.8.T.M 

Fuel Oil, vis. S.P.S. at 122 °F 

Fuel Oil, gravity, “API 

Percent Catalytic Polymer Gasoline, 10 RVP 
Percent Tota! Gasoline, including Polymer 
Octane Number of Total Gasoline 
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Figure 17T. Delayed Coking Process 


With total butane-butylene retention in the gasoline 
yields would be increased approximately 4 percent and 
} percent, respectively. Polymer gasoline yields are on 
the basis of polymerizing 80 percent of the propylene and 
butvlenes formed in cracking. 

The main flash chamber and fractionator in this unit 
operates at perhaps 250 psig. This pressufeadoes not allow 
the production of a well stripped cracked residuum, so the 
flash routed to a flash 
column vacuum } 
where gasoil is produced overhead for return to the main 
system and cracked fuel oil is produced as bottoms. 
with high 
erat ked gases can be condensed with usual cooling water 
temperatures. This is accordingly routed to an ab- 
where it is scrubbed with a cooled gasoil stream 
fractionator, Rich oil 
where the absorbed gases are 


low 


bottoms are pressure 


tower! 


(near atomspheric pressure, or even 


Even condenser pressures not all of the 
gas 
sorber 
from the main 
cracking unit fractionator 
Absorber tail-gas goes to fuel. Condensed gaso- 


is returned to the 


released 
line overhead is routed to a stabilizer where vapor pres- 
sure is set at the desired level. Excess butane and pro 
panes, containing a considerable percentage of unsaturate 
material may be sent to a catalytic polymerization unit 
Coking Processes 

Heavy residual stocks are usually fuel 
When market demand and price of residual fuels is low in 
relation to gasoline, the coking processes which yield only 


sold as oils 


gasoil, gasoline, gas, and solid petroleum coke as products 
become economically attractive, Coker yields are 
high and of quality quite suitable for catalytic cracking 
operations. The rather small yield of gasoline is of low 
antiknock value but subject to improvement by reform- 
ing. Hard petroleum coke finds a somewhate variable but 
often quite profitable market in metallurgical and elec- 
trical applications, and as a solid fuel. 


gasoil 
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Early coking operations were conducted in fired-shell 
stills. Oil was charged to a still and heated until the 
growing accumulation of coke on the still bottom shell 
surface made clean-out necessary. Runs were short, two 
days or a little longer. Scrapers on chains were added to 
rake the coke deposits from the shell still bottoms and 
into external vessels, improving run lengths, 
Coking methods were greatly facilitated by the advent 
of the pipe coil heaters, The deFLOREZ COKING process, 
Figure 16T. is many This 
utilizes the basic cracking plant equipment of such Gaso- 
line Products Company processes as the Holmes Manley 
or the deFlorez. 

The furnace charge stock is a clean gasoil distillate, The 


settling 


used in refineries, process 


residual stock to be coked does not pass through a furnace 
coil, but is mixed with the hot furnace effluent for heating 
to cracking temperature. The mixture of residual oil and 
gasoil heat medium oil flows to the top of a vertical coke 
drum. Liquids are trapped in the bottom of this vessel 
where they remain at cracking temperature levels. Vapors 
are withdrawn from the top of the vessel and flow to frac- 
tionation equipment. Trapped liquid residues decompose 
to yield gas. and gasoil which leave the coke 
drum in vapor state, The remaining coke deposit hardens 
with continued exposure to heat. The drum gradually fills 
with coke and is removed from the system for cleaning. 
An empty drum is substituted so that continuous oper- 
ation is achieved in the oil heating and fractionating por- 
tions of the unit. At least three coke drums are usually 
employed to provide sufficient time for clean-out and 
adequate safety factor against possible delays. Variations 
of this basic idea have been applied to several of the 
thermal cracking processes in current use. The coke drums 
are insulated to provide low heat losses from their 
contents. 


gasoline 
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OTHER CLAD STEEL APPLICATIONS IN THE PETROLEUM INDUSTRY: 

Batch Stills « Naphtha Coolers « Reboilers + Accumulators and Separators « Surge Tanks « Reboiler Kettles + Dewaxing 
Furfural Solvent Tanks and Processing Equipment « Saturators + Traps « Distillate Drums « Dust Collectors « Tank Cars 
The two publications, No. 461 “Economical Corrosion Protection for the Petroleum industry” and No. 399 “Fabrica- 
tion of Lukens Clad Steels’ will be sent on request to Lukens Stee! Company, 404 Lukens Buliding, Coatesville, Pa. 
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The DELAYED COKING process, licensed through The 
M. W. Kellogg Company, New York, under patent rights 
of Gasoline Products Company, Inc., Jersey City, N. J., em- 
ploys direct heating of residual stocks in pipe coil heaters, 
Figure 17T After heat 
exchange the feed is flashed into the base of the unit's main 


Feed is usually a reduced crude 
fractionator, The bottoms from this fractionator including 
the residual feed stock are charged to a heating coil where 
they are quickly raised to cracking temperatures, Soakihg 
time in the furnace is held sufficiently low that « oke deposi- 
tion on the tubes does not occ ur to any serious degree Fur 
nace effluent, a mixture of liquid and vapor enters the base 
of a coke drum. Vapors leave overhead while liquids remain 
in the drum for continued reaction to vield their ultimate 
products of gas, gasoline, gasoil and coke. An important 
factor in the design of these units is the low pressure drop 
encountered by vapors flowing through beds of deposited 
coke in nearly filled coke drums. This drop is of the order 
of 2 to 5 psi., but on examination of vessels opened for 
clean-out after steaming the beds appear solid and dense 
with little evidence of open passageways 

Removal of coke 
hydraulically. High impact-producing water jets are in 
corporated in tools. The 
hydraulic method has been perfected to a point where the 


from the drums is accomplished 


special boring and cutting 
drums are cleaned speedily and safely and the coke trans 
ported to storage in a continuous mechanical operation 
Early coking operations were handicapped by coke removal 


problems. Coke was first removed manually with hand 


tools, Later, coiled cables or chains were arranged in the 
empty drums so that they could later be pull-«d out to 


break up the coke deposit. 


Typical delayed coking yields and 
product inspections 


Reduced Crude Charge 
Weight % 
Gravity, “API 
Conradson Carbon, % 
Products 
1. Stabilized Gasoline 
Volume % 
Gravity, °API 
ASTM Distillation, ‘! 
IBP 
10% 
50% 
00% 
EP 
Reid Vapor Pressure 
CFRM Octane N« 
2. Gasoil 
Volume % 
Gravity, °API 
nradson Carbon, % 


4. Petroleum Coke 
Weight % 
Ash, % 
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Figure 18T. Thermal Reforming Process 
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Figure 19T. Multi-Coil Selective Thermal Cracking Process 


Thermal Reforming 

Various THERMAL REFORMING are in 
use iu the refineries to improve the antiknock rating of 
low octane gasolines and naphthas, The processes use 
much the same equipment as other cracking plants, Fig- 
ure 18T, After preheat by exchange against product and 
quench streams the charge is subjected to controlled con- 
ditions of temperature and pressure in a furnace coil. 
Because optimum operating temperatures, are high, little 
soaking time is required and coil-only designs are used. 
Once-through operation is the normal procedure. The 
design of the heater is all important, as in all cracking 
units. Operating conditions are severe, 1050° F. and 750 
psig. in a typical case, so that mechanical adequacy and 
operability of equipment must be provided. Furnaces are 
frequently arranged to run the charge in series first 
through a coil in a fired combustion chamber where it is 
raised approximately to cracking temperature, and then 
through a “soaking coil” in a separately fired combustion 
chamber where it is held sufficient time for the reform- 
ing reactions to be completed. Such design allows close 
adjustment of reaction rates and provides desirable flexi- 
bility in choice of charge and product specifications. Fur- 
nace products flow through a pressure drop valve to frac- 
tionation at 100 to 250 psig. The hot reaction material is 
quickly cooled, “quenched,” by cold oil introduced at the 
pressure drop ¢alve. Product separation involves flashing 
at a fractionator to remove a small production of heavy 
low-viscosity tar which goes to fuel oil, while reformed 
gasoline and gas are produced overhead, The gasoline is 
stabilized. The gases formed are rich in unsaturates and 
thus are frequently processed by catalytic polymerization 
for the production of polymer gasoline. Alternately, they 
are sent to recovery apparatus, or to fuel. The tar bottoms 
may be flashed at lower pressure to recover equilibrium 
distillate. 


processes 
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In typical refinery process schemes the straight-run 


light gasoline fractions up to abeut 250-275° F. end- 
point are of sufficiently high octane without reforming. 
Most of the low-octane fractions in straight-run gasolines 
are concentrated in the heavy naphtha cut of 250 to 
100° F. boiling range. This is the usual charge in thermal 
reforming. On occasion the entire wide-cut straight-run 
gasoline fraction may be reformed. 

Results with a reforming unit designed by Universal 
Products Company, Chicago, when charging a 53° API 
Mid-Continent straight-run naphtha are shown in the 
following tabulation. 


Charging Stock 

Gravity “API 

Octane rating, ASTM (F-2) 
tactor 


53.0 
40.5 
11.96 


clear 
Characterization 
100 ml. distillation 
I.B.P. °F 
10% 
50% 
90% 
E.P. °F 
Products 
Gasoline: 
Yield, vol. % 
Gravity, °API 
Reid vapor pressure, lbs 
100 ml. distillation 
1.B.P. °F 
10% 
50% 
90% 
E.P. °F 
Octane Ratings: 
ASTM (F-2), clear 
+3cc. TEL/Gal 
Research (F-1), clear 
+3 cc. TEL/Gal 


208 
263 
314 
367 
389 


of char ge 
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Wilson-Snyder builds modern pumps for all types of 
Refinery Service. 

Reciprocating Power Driven Pumps— Duplex or Triplex 
with roller bearing or mill bearing power ends. Arranged 
for electric motor, steam engine, turbine or internal 
combustion engine drive. 


Steam Driven Pumps— Duplex and simplex piston or 
plunger types. 

Centrifugal Pumps— Horizontal, single stage; single suc- 
tion or double suction. Horizontal, multi-stage, single 
suction. Vertical single and multi-stage. 


Bring your Refinery Pump problems to “Oilwell” and let 
us assist you in making the proper selection of a Wilson- 
Snyder Refinery Pump to suit your particular needs. 





Wilson-Snyder 
Installation 


showing one section of a 1700 B.P.D. Dubbs Cracking 
Lnit. Complete Unit Comprises- 


1—7 x 4% x 10 Duplex Residuum Pump 
1—5% x 16 Dupiex Forged Steel Charge Pump— 
D.esel Engine Drive 
1—4 x 12 Duplex Forged Steel Charge Pump — 
Diesel Engine Drive. 
— 10 x 6 x 10 Stabilizer Reboiler Pump. 
— 10 x 6 x 10 Duplex Fractionator Cy ce Pump. 
—7x 44, x 10 Duplex Absorber Ame. | Pump. 
— 10 x 6 x 10 Duplex Refiux Pump. 
10 x 5 x 10 Duplex Spare Reflux Pump. 
10 x 5 x 10 Duplex Stab lizer Charge Pump. 
12 Simplex Stabilizer Reflux Pump. 
6 Duplex Fuel Oil Pumps. 
6 Duplex Boiler Feed Pumps. 
6 Duplex Caustic Pump. 
x 2 x 12 Simplex Ram and Test Pump. 


5x 
4x 
4x 
4x 
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Residuum 

Yield, Vol. % of charge 42 

Gravity, “API 18.2 
Gas 

Yield, Wt. % 15.3 

Cu. Ft./Bbl 467 

The yields and octane number improvement which can 
be obtained in thermal reforming are to a large degree 
dependent upon the charge stock. 
Combination Units 
The schemes and apparatus used for the cracking 

of individual charge stocks are often assembled into 
“combination” units which accomplish the complete pro- 
cessing of a crude oil. The crude charge is preheated to 
suitable temperature for distillation by heat exchange with 
cracking process streams. Topped crude is mildly cracked 
in a single-pass viscosity breaking step. The visbreaker 
gasoil is thermally cracked for maximum gasoline pro- 
duction in a separate gasoil coil, In some cases the gasoil 
is separated into light and heavy fractions for separate 
cracking under optimum conditions. Heavy straight run 
naphtha from the crude distillation section of the unit may 
be thermally reformed for octane number improvement. 
The combination of several process steps into a single unit 
offers good opportunity for saving in operating utilities. 
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of charge 
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Figure 20T. Unitary Thermal Polymerization Process 


As a result of this trend. the various specific cracking 
processes have largely lost their identity, although certain 
features of these processes are included in modern thermal 
cracking operations, 

The Lummus Company, New York, designs and con- 
structs MULTI-COIL SELECTIVE THERMAL CRACK. 
ING units. A typical design. Figure 19T, employs five 
separate heaters and includes facilities for crude oil dis- 
tillation. Units are designed for the optimum segregation of 
furnace charge stocks and their independent selective crack- 
ing under favorable conditions, In some units stocks are 
segregated for selective cracking not only according to 
boiling range but also according to source of refractivity. 
In the furnaces preheating and soaking sections are inde- 
pendently fired chambers. allowing a wide range of 
variation in cracking conditions without change in equip- 
ment. Most combination cracking units have an excess of 
recoverable heat within certain temperature ranges. This 
heat may be utilized by generating high-pressure steam 


Thermal Gas Conversion Processes 

The THERMAL POLYMERIZATION process of The 
Polymerization Process Corporation is licensed through 
The M. W. Kellogg Company. New York. The process. 
Figure 20T, converts C, and lighter gases from either 
field or refinery sources into moor fuels. Liquid fresh 
feed is charged directly to a polymerization furnace coil. 
together with recycle propanes and butanes. The poly fur- 
nace operates at temperatures in the 950 to 1100° F 
range, and at back pressures well above 1000 psig. The 
furnace is in two sections for close control, providing 
separate heating and soaking zones. Polymer gasoline is 
separated in a stabilizer, the overhead going to a furnace 
feed stripper where recycle butanes and propanes are re- 
moved as bottoms, the overhead gases going to plant fuel 
or other disposal. 

The THERMAL POLYMERIZATION of The 
Pure Oil Company, Chicago, Figure 21T, is designed 
and installed by The Lummus Company, New York, It uses 


pre cess 


a single coil at high temperatures and pressures for both 


decomposition and polymerization reactions. 
The POLYFORM processes licensed under patents of 
Phillips Petroleum Company and Gulf Oil Corporation, 
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Figure 21T. Thermal Polymerization Process 
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Figure 22T. Naphtha Polyform Process 


is used for converting straight-run naphthas, gasoils and 
extraneous light hydrocarbons into motor gasoline. Poly- 
form gasolines are characterized by high research octane 
numbers and good road performance. + 

Typical plants designed and built by the Lummus Com- 
pany, New York, are self-contained units that process 
naphthas, and condensible light hydrocarbons 
simultaneously. Propane-propylene and butane-butylene 
produced in the process are largely condensed with nor- 
mal cooling water supply and the balance is absorbed in 
the naphtha or gasoil feeds, Extraneous light hydro- 
carbons may enter the furnace-feed accumulator as a 
liquid or the main high-pressure absorber. Condensed 
liquid gas is combined with the furnace charge and the 
presence of this material allows substantially more severe 
temperature and pressure conditions than could otherwise 
be used, This plus polymerization of the light hydro- 
carbons results in the high gasoline yield and octane. By 
varying the charge rate of extraneous butane-butylenes an 
efficient means of plant vapor pressure balancing is 
afforded 

The process has found most extensive application with 
low-octane naphthas, although a number of units charge 
gasoils. The conversion of refractory catalytic cycle 
stocks requiring more severe conditions than can be 
achieved in conventional thermal-cracking plants is also 
practical. Yields of 10-pound RVP gasoline ranging from 
60-80 percent have been obtained from virgin gasoils, 
while yields of 50-70 percent will be derived from cata- 
lytic stocks. ASTM octanes are 72-76 for virgin 
stocks and somewhat higher for the cycle oils. 

It is claimed that naphtha polyform units charging a 


gasoils 


cve le 


wide variety of heavy naphthas with and without extra- 
neous condensibles achieve higher yields of higher octane 
gasoline than is possible with conventional reforming 
1949-—_A Gulf Publishing Company P%blication 
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units operating in conjunction with catalytic-polymeriza- 
tion facilities. 

In the NAPHTHA POLYFORM unit, Figure 22T, the 
naphtha is charged to an absorber operated for 80-90 
percent propane absorption. Rich oil is combined with 
stabilizer overhead condensate to make up furnace feed 
which is charged with a high-pressure centrifugal pump. 
The transfer line pressure is 1200-1500 psi. Evaporator 
bottoms are employed to reboil the stabilizer and quench 
the transfer line to 650-700° F. The evaporator bubble 
tower operates at about 400 psig. pressure. Net evaporator 
bottoms flow to a flash tower, with the overhead returning 
to the system. The bottoms are delivered to fuel oil. The 
bubble tower is controlled with intermediate and top 
circulating reflux systems which preheat the furnace feed 
while the overhead flows through a partial condenser di- 
rectly to the stabilizer, which tower operates at about 380 
psig. The stabilizer may operate as a depropanizer if it is 
desired to produce butane-butylene for alkylation, or may 
operate to produce specification-vapor-pressure gasoline 
with excess butane-butylene being taken overhead fer con- 
version to gasoline. 

The NAPHTHA-GASOIL POLYFORM flow, Figure 
23T, is substantially the same, with minor variations to 
accommodate the gasoil cracking. The gasoil usually is 
charged to the bubble tower where it mixes with gasoil 
recycle to form the furnace feed. 


High Temperature Pyrolysis 

The limitations of furnace tube materials at very high 
temperatures and difficulties with coke deposition has led 
designers to investigate other possibilities for processing 
hydrocarbons at elevated temperature levels. Regenerative 
heaters using checker work of refractory materials have 
been used in reforming operations. The possibility of 
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G-R Residue-to-Crude Heat Exchangers 













G-R 
EQUIPMENT 





Helps This Cosden Refinery 
Operate with Sour Crude 


The Big Spring, Texas, plant of Cosden 
Petroleum Corporation must contend with 
exceptional operating and maintenance 
problems because of the sour crude which 
this plant has always refined. However, 
the engineers and technologists of the 
plant have successfully solved these prob- 
lems by the special treatment of the crude 
which they have developed and by their 
selection of equipment and materials to 
withstand the severe corrosion conditions 
throughout the plant. 


As in many other Cosden installations, 
G-R Heat Transfer Apparatus is helping 
this plant to operate successfully and efh- 
ciently. The G-R equipment installed here 
includes: 


THE GRISCOM-RUSSELL CO. 


Tubular Residue-to-Crude Exchangers 
Tubular Gas Coolers 
Twin G-Fin Section Vapor-to-Feed 
Exchangers 
Tar-Heated Steam Generator 


Whether your own needs for heat transfer 
apparatus are for standard or special 
equipment, be sure to confer with the 
Griscom-Russell engineers. Their recom- 
mendations are authoritative: with 80 
years of specialized experience . . . impar- 
tial: with the unequalled line of G-R bare- 
tube and finned-tube condensers, heaters, 
coolers and heat exchangers to provide an 
exactly suitable design for every service... 
conservative: with ratings that can be 
guaranteed, 


285 MADISON AVENUE, NEW YORK 17, N. Y¥. 


GRISCOM-RUSSELL 
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using the apparatus developed for fiuid catalytic cracking 
with inert sand substituted for catalyst has at least received 
careful study. Equipment developed for catalytic cracking 
with pelleted catalyst has now been adapted to operation 
in thermal processing applications. 

The THERMOFOR PYROLYTIC cracking process is a 
method of converting hydrocarbons, ranging from ethane 
to reduced crude, into ethylene and aromatics, The 
process was developed in the Socony-Vacuum Laboratories 
at Paulsboro, N. J., and is licensed by Socony-Vacuum 
Oil Company, Inc., New York. 

The system illustrated, Figure 24T, comprises 
main eletments: a reactor and a heater. A bucket elevator 
is used to lift non-catalytic pebbles to the top of the unit 
where they are discharged into a heater. The heater raises 
the pebbles to the desired temperature level by direct com- 
bustion of fuel gas in the pebble bed. Any coke deposited 
yn the pebbles in the cracking step is burned off in this 
stage. The hot pebbles flow by gravity from the heater into 
the reactor where the heat stored in the pebbles is utilized 
to preheat and crack the hydrocarbon feed. The cooled 
pebbles from the reactor flow through a throttling valve 
into the elevator which returns them to the top of the unit 
for reuse. A special baffle system is used to prevent chan 
neling of pebble flow in both reactor and heater. 

The flow of hydrocarbons relative to pebbles through the 
reactor is countercurrent. The charge stock may be partly 
heated outside or may be introduced cold directly into the 
lower section of the reactor. High rates of heat transfer, in 
the order of 15,000 Btu. /hr./°F./cu. ft. of pebbles are ob- 


two 


tained in the reactor. The charge stock is thus rapidly pre 
heated to high temperatures and undesired cracking at low 





Pao0ucT TO QUENCH 























Figure 24T. Thermofor Pyrolytic Cracking Process 


temperatures minimized. The temperature level is con- 
trolled by the temperature of the entering pebbles and the 
ratio of pebble circulation rate to hydrocarbon charge 
rate. Hydrocarbon contact time is controlled by the vapor 
rate through the reactor and the bed depth. Cracked va- 
pors leaving reactor are quenched immediately to prevent 
decomposition of the ethylene. 

The process is flexible with respect to charge stocks 
which can be either gaseous or liquid. Crude oils or re- 
duced crudes can be handled, Carbon formed on the peb- 
bles during cracking is continuously removed from the re- 
actor, and serves to lower the external fuel requirements 
in the heating stage. 

Charge stocks ranging from ethane to reduced crudes 
have been evaluated for ethylene and aromatics produc- 
tion. Preferred operating conditions vary but generally 
fall within the following range: 


Pebble to hydrocarbon feed ratio, weight, 10-20; 
Pebble preheat temperature, °F., 1400-1800; 
Hydrocarbon contact time, seconds, 0.1-2.5; 
Pressure, psig., 0-5; 

Steam, percent weight of charge, 


Table I 


TPC Cracking East Texas Crude for Ethylene Production 
Properties of Charge Stock 
Gravity, A.P.I 38.4 
Aniline Point, ° F 172 
Boiling Range, ° F 
IBP 148 
290 


505 


0-100. 


10 percent 
0 percent 


O80 

1 S l 5 
Yield—percent 
wt. of charge 

0.7 


Mi) percent 
Pebble Preheat Te 
Aromatic 


mperature, 


Hydrogen 
Methane 
Ethylene 
Ethane 
Propylene 
Pr pane 
Butadiene 
Butylenes 
Butanes 
Total Liquid 
Coke 

100.0 


36.7 


Total 
Mol percent ethylene in C, 


| and lighter gas 


The aromatic content of the 150-500° F, liquid fraction 
from the above operation would be about 50 percent. 
Typical yields of pure aromatics are given below. 

Currently, several groups are active in the development 
of processes for extracting liquid hydrocarbons from oil 
shales. Large deposits of such energy sources promise to 
attain economic importance as an extension of our petro- 
leum reserves. A CONTINUOUS SHALE RETORTING 
process has been developed by the Union Oil Company of 
California, Los Angeles. The process employs an under- 
feed principle with counter-current of shale and air. A 
plant, Figure 25T, has a shale throughput capacity of 
about 50 tons per day. 

Shale, introduced to the kiln at the bottom, 
through a liquid seal and drops into the feeder mechanism 
by gravity. Subsequently it is forced upward through a 
slotted cone and above that through the slowly expanding 
shell of the kiln itself. A blower takes suction from the 
space outside the slotted cone and above the liquid seal 
and draws air down through the moving body of shale in 
the kiln. This air is first preheated by the hot spent clinker 


passes 
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Figure 23T. Naphtha-Gascil Polyform Process 


at the top of the kiln, burns off the residual carbon on the 
clinker in the next portion of the bed to supply the heat 
for distillation of the oil from the shale in the central 
section of the kiln. In the lower portion of the bed the 
distilled oil together with the combustion gases are cooled 
to nearly atmospheric temperature by heat exchange with 
the cold shale being fed upward, The oil and gaseous 
products are disengaged from the shale bed through the 
slotted cone and are drawn through a cyclone where the 
oil is separated and the gases are taken overhead. The 
spent clinker at the top of the kiln is broken up by a 
rotating plow and discharged into an annular collecting 


chute leading to a disposal bunker. 
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Figure 26T. Shale Kiln Process 
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All the heat necessary for retorting the shale is supplied 
by combustion of the residual carbon on the clinker, and 
the heat available from burning the stack gases is more 
than sufficient to meet the power requirements of the plant, 
All heat exchange occurs in the kiln itself, and inter- 
changers are eliminated. No cooling water is required. The 
process, being continuous and countercurrent, has im 
portant advantages, Excellent heat exchange is attained 
in the unit, allowing the use of a very short bed. Recovery 
of oil from the shale consistently averages 100 percent or 
better of the standard assay value for the shale being fed. 
The unit has a very high throughput for its size, and the 
equipment required is comparatively simple and inexpen- 
sive. 

The aromaticity can be increased to 90-95 percent by 


increasing the contact time 


Aromatic Yield—percent 
wt. of charge 

Yield—weight perce 

Benzene 

Toluene 

X ylenes 

Other C, Aromatics 

C, and Cy Aromatics 

Naphthalene 

1—Methyl Naphthalene 

2—Methyl Naphthalene 

lotal 

Higher boil ng | qui 
Ethylene 
Ethylene 


20.0 
21.6 
and lighter 31.9 


Mol percent of C; 

The application of the process is not limited to the pro 
duction of ethylene and aromatics. The cracking of liquid 
petroleum stocks to produce gaseous fuels for use either 
directly or as enrichment for industrial or domestic heat- 


ing is potentially attractive. 
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Catalytic Cracking and Reforming Processes 





‘ioe large scale development and adoption of catalytic 
cracking processes is one of the most impressive and dra- 
matic achievements of the oil industry. 

Growing demand for gasolines of higher anti-knock 
properties brought about the design and construction of 
the fixed bed catalytic cracking units in the middle and 
late 1930's. These units were intended for peacetime opera- 
tion in competition with the thermal cracking processes. 
and were successful, several plants being placed in com- 
mercial operation. The good yields of high quality gaso- 
line obtained through catalytic cracking stimulated inten- 
sive research and development activity the part of 
several major operating and engineering companies. Con- 
cracking and 


on 


tinuous catalytic were devised 
pilot plants built 

War brought a base stock 
and the industry initiated a tremendous construction pro 
All 
types of catalytic cracking processes were included in this 

Plants were built with fixed bed reactors, with 
hed bucket for catalyst 
transfer between separate reaction and regeneration vessels. 


and fluid bed” ind 


catalyst transfer by carrier 


processes 


heavy demand for aviation 


gram to create the needed catalytic cracking capacity 


program 


moving reactors and elevators 
regenerators having 
vapor The plants, 


based on little operating experience, 


with reactors 
system 
numerous and large. 
except in the case of the fixed bed process, were vitally 
essential to our war effort. and were to a remarkable de 
gree successful from the time of initial operation 

This a brief period established 


catalytic 


wartime mn 
crac kine 
ot 
cracking to a secondary position 

The catalytic cracking of naphthas for octane improve 


program 
as the predominant process for the con 
into gasoline, and relegated thermal 


version gasoils 


ment has found considerable application in recent years 
Hydroforming. 
in the presence of hydrogen, was originally developed as 
a means for converting straight run naphthas to high 
The process gives high vields of 


a process in which naphthas are reacted 


octane level gasolines 
aromatic materials and as a consequence was extensively 
employed for the production of toluene for explosives 
manufacture during the last war. Installations at a com- 
paratively few refineries proved adequate to supply the 
bulk of our wartime needs. The units built then for tolu- 
ene production continue to serve now im 


in gasoline 


provement operations 
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Figure 1C. Houdry Fixed-Bed Catalytic Cracking Process 


atalytic Cracking Processes 


he catalytic cracking processes have assumed the status 
of refinery tools of great importance in modern 
refinery operations. The processes have come into existence 
primarily because of their ability to produce greater yields 
of the thermal 
cracking processes which have been to a considerable ex- 


basic 


gasoline of higher octane number than 


tent replaced. 
The HOUDRY FIXED-BED process, Figure I¢ 


pioneer catalytic cracking process to achieve successful 


is the 


commercial scale plant operation. The process is licensed 
by the Houdry Process Corporation, Philadelphia. In _re- 
cent installations the process has been more or less sup- 
planted by the moving-bed catalytic cracking processes of 
the same company and of others. There continues in opera- 
tion, however, a large number of Houdry fixed-bed units 
having a high total throughput. The first commercial scale 
plant was built in 1936 and continues in operation 

Two fundamental needs of catalytic cracking are to 
furnish heat during the endothermic cracking period and 
to remove heat during the exothermic regeneration period 
when the coke deposited on the catalyst during the reaction 
is burned, The fixed-bed catalyst cases are designed to 
fulfill these requirements. Essentially, the reactors are 
tubular heat exchange vessels. The catalyst bed lies in the 
shell side through which flow the oil or air vapors. On the 
tube side a molten mixture of alkali metal salts is circu- 
lated. The net effect of catalytic cracking and carbon 
burn-off is exothermic. 

The heat medium salt is routed to steam generators and 
regeneration air preheaters to realize maximum recovery 
of the large quantities of heat evolved by the process. The 
to drive regeneration air com- 
pressor and pumps, substantially reducing the 
utility requirements of the unit. Three catalyst cases are 
the least number generally used, Larger plants employ 
multiples of three or four cases with the reactors mani- 
folded in pairs. An electrical timer transposes the cyclic 
operation of individual reactors into a continuous opera- 
tion of the over-all unit. The cycle places one reactor or 
pair on stream while a second is being regenerated and the 
third is on oil purge, air purge, or repressuring operation 
valve changes. Purges are 


generated steam serves 


process 


and undergoing the necessary 
effected by steam-jet ejectors. In addition sweeping steam 
is admitted to the reactor during cil evacuation. 

Motor operated valves actuated by impulses from the 
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From the initial conference to “on stream,” all departments of our 
organization work together as a team to coordinate the job. This is the 
result of years of experience in handling small and large projects for 
all types of petroleum processing construction. Year after year, “more 
than gratifying” results have been achieved, which in part explains 
why a large portion of our work is repeat business for the same clients. 


Our facilities include process selection, engineering, design and com- 





plete construction. 
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cycle timer assure continuous oil and air flow through the 
system, and electrical interlocks preclude inadvertent mix- 
ing of streams, 

The CYCLOVERSION process of catalytic cracking de- 
veloped by Phillips Petroleum Company, Bartlesville, 
Oklahoma, is licensed by their Perco Division. 

In this process, Figure 2C, fresh gasoil or recycle feed 
is preheated to about 980-1000° F, Steam diiuent is added 
to the feed in the convection bank of the furnace to assist 
in vaporizing the charge stock. The superheated oil-steam 
mixture enters the catalyst chamber at about 85 psig. Cata- 
lytic cracking process cycles run 2 to 10 hours. Exchangers 
at the catalyst-chamber outlet recover a large amount of 
heat in steam production, The product passes to heat 
exchange and condensing equipment and onto an oil-water- 
vapor separator where the condensed water is withdrawn. 
Vapors go to the recovery plant and liquid hydrocarbon 
condensate to fractionation. 

While the hydrocarbon charge is processed in the on- 
stream reactor, the alternate chamber undergoes regenera- 
tion. Steam from the waste-heat exchangers is superheated 
to about 850° F., admixed with air, and charged to the 
chamber on regeneration, The regeneration gases are 
passed to waste-heat exchangers and finally vented to the 
atmosphere. 

With the fixed-bed principle of catalytic cracking no 
appreciable loss of catalyst through the formation of fines 
by abrasion occurs. The natural bauxite catalyst employed 
is capable of regeneration an indefinite number of times 
and maintains 85-95 percent of the cracking efficiency of 
the new catalyst. Other claims for the process include low- 
cost operation and high yields of superior-quality motor 
fuels. In addition the process is schematically similar to 
the Perco catalytic reforming process and catalytic desul- 
furization process and in consequence Cycloversion instal- 
lations may be used to accomplish desulfurization, reform- 
ing, and catalytic cracking, as occasion demands, 

The THERMOFOR CATALYTIC CRACKING (TCC) 
process is of the moving-bed type, Figure 3C. Catalyst 
transfer is by mechanical elevators, Many such plants were 
built as a part of the wartime aviation gasoline program 
under license by Houdry Process Corporation, Phila- 
delphia. 

The major parts of the catalytic section consist of re- 
actor. kiln, and catalyst elevators. The reactor is a cylin- 
drical vessel with catalyst and vapor inlets at the top and 
a catalyst-vapor disengager and oil-purge section at the 
bottom, Catalyst pellets flow downward by gravity, along 
with the hydrocarbon vapors, forming a solid moving bed. 
The depth of catalyst bed in the reactor is variable and 
controls the space velocity. After passing through the re- 
action zone the catalyst contains a small amount of car- 
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Figure 2C. Cycloversion Catalytic Cracking Process 
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Low Pressure Cycloversion of Texas Panhandle Ges on 





Unde- De- 
sulfurized sulfurized— 
Feed Stock: 
Gravity, API° 36.9 
10 Percent 552 
90 Percent 697 
Aniline Point, °F . 185 
Catalytic Seapine, Cs-400° F. Test I Test 2 
Gravity, AP 57.2 56.1 
Reid Vapor P ressure 6.4 6.4 
ASTM Octane Number 81.5 81.2 
+ 3 cc TEI 85.3 34.9 
Research Octane Number 443 944 
+ 3cc TEL 98.0 97.8 
Yield, Percent of Char rae 
Catalytic Gasoline, Cs 400° F. Vol. Percent 28.1 35.0 
10 Lb. RVP Gasoline, Vol. Percentt 38.7 47.3 
Propylene, Vol., Percent 5.0 6.0 
Butylenes, Vol. Percent 7.3 8.0 
Catalytic Recycle, 400° F. +, Vol. Percent 578 40.5 
Carbon. Wt. Percent 1.2 2.7 
Conversion, Single Pass, Vol. Percent 42.2 5.5 


* 10 Psig operating pressure 
+t Butanized and includes potential catalytic poly gasoline 


High Pressure Cycloversion of Texas Panhandle Gas Oil* 


Feed Stock: 
Gravity, API° 37.4 
10 Percent 501 
90 Percent 709 
Aniline Point. °F 130 
Catalysic Gasoline, Cs-400° F. Test 1 Test 2 
Gravity 1° 56.3 5.4 
Reid Vapor Pressure 6.4 54.8 
ASTM Octane Number 76.7 77.7 
+ 3cc TEL 82.4 83.4 
Research Octane Number 87.1 89.2 
+ 3cc TEL 93.4 94.5 
Yields, Percent of Charge: 
Catalytic Gasoline, ( 5-400° F. Vol. Percent 33.3 34.0 
10 Lb. RVP Gasoline, Vol. Percentt 40.9 44.2 
Propylene, Vol.’ Percent 3.7 4.9 
Butylenes, Vol. Percent 4.3 5.4 
Catalytic Recycle 400° F. +, Vol. Percent 53.6 45.0 
Carbon, Weight Percent 1.5 2.6 
Conversion, Single Pass, Vol. Percent 46.4 55.0 
* 85 Psig operating pressure 
¢ Butanized and includes potential! catalytic poly gasoline 


bonaceous deposit. Oil vapors and adsorbed oil are purged 
from the catalyst and surrounding voids in the purge zone 
after which the catalyst flows into the spent-catalyst eleva- 
tor which operates at atmospheric pressure, This elevator 
transports the catalyst to the top of the kiln where it is 
discharged into a hopper feeding into the kiln. The cata- 
lyst flows downward by gravity through the kiln and the 
carbonaceous deposit is removed by zone regeneration with 
air at about 1.0 pound gauge pressure. Each burning zone 
has its own air supply and water-cooling coils permitting a 
close control of catalyst temperature which thereby pro- 
tects the catalyst from deactivation by excessive temper- 
atures. 

The kiln is designed to effect substantially complete re- 
moval of carbon from the catalyst by providing the re- 
quired number of zones and residence time in each zone. 
Regenerated catalysts from commercial kilns normally 
average 0.2 weight-percent carbon or less. Most of the 
heat of combustion is converted into high-pressure steam 
by circulating water through the cooling coils and flashing 
in a separate steam drum. 

The regenerated catalyst is returned from the bottom 
of the kiln by a second elevator to the reactor hopper, 
completing the catalyst cycle. On units charging less than 
7000 barrels per day, a single elevator having partitioned 
buckets carries both spent and regenerated catalyst streams. 

The elevators operate at atmospheric pressure, provid- 
ing a positive separation of the kiln and reactor and assur- 
ing that a momentary upset on either kiln or reactor will 
” force a shutdown of the unit. 

Catalyst within the unit is maintained at maximum par- 
ticle size by continuously by-passing a small portion of 
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Airetool cleaner with long cutting surface, 
special P type heod ond powerful motor 


Tube cleaners engi- 
neered and precision-built 
by AIRETOOL continue to 
prove their merit in petro- 
leum processing. Properly 
cleaned refinery tubes help 
keep production up—costs 
down! 


AIRETOOL TUBE CLEANERS 
CUT COSTS — BOOST PRODUCTION 


holds the blades against the cylinder by pressure 
rather than centrifugal force. Thus the motor can be 
loaded down to 50 rpm without stalling. A balanced 
rotor makes maximum use of power. 

Non-tracking cutters prolong the life of tubes and 
give them added safety. AIRETOOL tube cleaners for 
straight or bent tubes are available in sizes for tubes 
”” 1.D. to 24” 1D. 


In designing and recommending tube cleaners, our 
engineering staff keeps in constant touch with their 
products’ performance under actual field conditions. As 
a result, AIRETOOL has a cleaner for each specific re- 
finery problem —combinations of motors and clean- 
ing heads that will best do the job. 

The air driven motors feature slip-fit construction 
which permits them to be taken apart and reassembled 
without special tools or loss of time. A power seal 


C.C. 450 Direct Drive Condenser Cleaner for tubes '/," 1.D. to 11,” 
1.D. Other outside mounted cleaners, geor driven, for tubes %” 1.D. to 
2", "1.0. Awide selection of brush and drill heads for use with these 
cleaners is available 


NEW CB DRILL The CB condenser drill has a carbide metal tip which 
will remove the hardest scale even when condenser and heat exchanger 
tubes are completely plugged. 





| NEW DEVELOPMENTS for refineries by AIRETOOL 


This precision tube rolling system 
eliminates all risk of over or under 


The AIRETOOL-FISHER 


ELECTRIC TUBE 


ROLLING CONTROL 
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expanding condenser and heat ex- 
changer tubes. Tubes are rolled to 
uniform tightness by an AIRETOOL 
G-800 or G-1200 ball bearing type 
expander without injuring the tube 
ends or distorting the ligaments in 
the tube sheet. The expander is 
powered by an electric motor which 
automatically shuts off when the 
tube has reached proper expansion 
ond tightness. This is accomplished 
by setting o dial calibrated for each 
tube size and type of metal to be 
rolled which regulates the power 
and shuts it off when the tube 
reaches the pre-calibroted or re- 
quired degree of expansion 


Used for cleaning return 
bends. The flexible shaft of 
this knocker or stellited roller 
wheel type cleaning heed 
may be connected to an 
AIRETOOL motor. Its durable 
wire-wound rubber connec- 


tion is extremely flexible , 


and permits the cleaner to 
thoroughly remove the scale 
deposit. 


FOOT VALVE 


For quick control of air 
when cleaning tubes. Easily 
secured to working platform 
or most convenient location. 








G-100 type tube expander complete 
with ironing ovt attachment and thrust 


AIRETOOL EXPANDERS ARE 


ENGINEERED FOR ALL REFINERY USES 





= 


AIRETOOL G-800 condenser and heat exchanger tube expander with 
ball beoring thrust for tubes '/," O.D. 16 ga. to 1',” O.D. 16 ga 
Two lengths of rolls available, 1'/," for tube sheets '/." to 1'/.", 
and 2'/," rolls for 1%" to 2/4" tube sheets. 


AIRETOOL CATALYST 


REMOVAL SYSTEM 


Removes either wet or dry spent catalyst from vertical reactor tubes 
easily and efficiently. Tubes are thoroughly cleaned in from 3 to 7 
minutes depending on the state of the catalyst 


AIRETOOL self-feeding tube 
expanders are precision-made of 
the finest quality heat-treated 
materials. They are designed for 
efficient rolling and expanding 
of every known type and size of 
refinery tube. 

The parallel rolling feature ac- 
complished by tapered rolls 
which revolve on a tapered 
mandrel results in a uniform ex- 
pansion which thoroughly seats 
or tightens the tube the full 
length of the tube sheet. All rolls 
are ground and ends beveled to 
prevent ridging and to produce 
a smooth surface. 


G-1200 condenser and heat exchanger tubo expander with bail 
bearing thrust for tubes '/," O.D. 16 go. to 11” O.D. 16 go. Fur- 


nished in two roll lengths, 1'/," rolls for 114." to 6” tube sheets and 
24" rolls for 2%" to 6%” tube sheets.: 


EXPANDER 
ACCESSORY TOOLS 


Accessory tools for refineries include . . . 

Knock Out Tools for removing tube stubs from condensers and heat 
exchangers 

Right Angle Geor Drive for use where the hand hole is at right 
angles to the tub= or in any other hard-to-reach place. 

Parallel Gear Irain for ¥." to 1” drives. 

Drive Sockets, extensions, double universals and universal jointed 
extensions 

Reseating Tool for use on superheoters and economizer headers. 


Aline Teo. 
— Citamens 
Paneses 


For full particulars about AIRETOOL tube cleaners, 
tube expanders and oil refinery specialties, send 
today for the 1950 AIRETOOL REFINERY CATA- 
LOG just off the press. 





BRANCH OFFICES: New York, Chicago, 
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® Day by day problems of refining usually 

take care of themselves . . . with the aid of 

your own staff, of course. But what do you 

do when these everyday problems double up on you 
or when something really serious develops . . . 
when you need a hand . . . in a hurry? 

If you “CALL UOP” you are sure of expert 

help in meeting and solving any technical, physical, 


economic or operating problem of refining. 


UNIVERSAL OIL PRODUCTS COMPANY 


General Offices: 310 S. MICHIGAN AVE., CHICAGO 4, ILLINOIS, U. S. A 
LABORATORIES: RIVERSIDE, ILLINOIS 


Universal Service Protects Your Refinery 
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CATALYTIC CRACKING AND REFORMING PROCESSES 





the regenerated catalyst stream through 
an elutriator where fines are separated 
with countercurrent air flow. Whole 
catalyst pellets from the elutriator 
flew by the regenerated 
catalyst elevator. 

An inert-gas seal is used to prevent 
the loss of hydrocarbon vapors out the 
top of the reactor, Flue-gas from the 
kiln or from the flue-gas generator is Excess Ce Fraction 
.  atalytice UVaso 
introduced at the bottom of a catalyst Liquid Recovery 

Dry Gas, Weight Percent 
seal leg located the 


feed Coke, Weight Percent 
hopper and reactor, The length of this 


gravity to 


Charge 


Products 
10% R.V.P 


Gasoline® 


TCC Motor 


Ca+ 


between 


[Percent] °API 
| 100 | 28.1 | 136 


Cracking Coastal Naphthenic Gasoil for Motor Gasoline*** 
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seal leg is sufficient to provide a pres 
sure drop exceeding the reactor pres 
sure, The main part of the seal gas is 
vented to the atmosphere from the feed 
hopper, with a small portion passing 
through the reactor 

Heat exchange, fractionation, 
related equipment are conventional 

Charge preparation consists of heating reduced crude 
and flashing at approximately 15 psig. pressure The 
flashed distillate comprises the TCC charge. If desired the 
flashed residue may be vacuum-distilled or propane- 
deasphalted to obtain additional charge. The recovered 
heavy gasoil is heated to 700-800° F. and injected as a 
liquid at the top of the reactor 

In the FLUID CATALYTIC CRACKING process the 
catalyst is a finely divided powder. The process is truly 
continuous, with the cracking reactions occurring in a 
reactor into which fresh feed mixed with fresh catalyst is 
continuously charged and from which cracked vapors and 
spent catalyst are continuously and separately withdrawn, 
Figure 4C. The cracking reactions leave a carbonaceous 
deposit on the catalyst surface. This deposit is burned 
away from the spent catalyst in a regeneration vessel by 
Fresh hot regenerated catalyst is 
The catalyst serves as a heat 


and 


combustion with air 
mixed with fresh oil feed 
medium to completely vaporize the oil and to raise it to 
cracking temperature levels 

In these units the essential operations of oil reaction. 
catalyst transfer, and catalyst are hinged 
upon the behavior of powdered materials maintained in 
mixtures with vapors or Such mixtures become 
“fluidized.” Their density can be controlled, within limits, 
by varying the quantity of gas added and by changing the 
rate at which the fluid mixture moves in vessels or piping. 


regeneration 


gases 


Completely vaporized oil feed in mixture with hot 
regenerated catalyst enters the reactor through a grid or 
other distribution device beneath the catalyst bed main- 
tained in this vessel. The oil vapors bubble up through 
the catalyst bed. The bed in the presence of these rising 
vapors becomes fluidized. The mixture resembles a boiling 
liquid and a high state of turbulence exists. There is a 
fairly definite “liquid level.” Sufficient reactor diameter 
is provided so that exit vapors leave the bed at velocities 
of the order of | or 2 feet per second, low enough to avoid 
excessive entrainment of smaller catalyst particles. Cy- 
clone separators return most of the entrained catalyst to 
the bed. Bed densities range 20 to 40 pounds per cubic 
foot, and are termed “dense phase.” The regenerator cata- 
lyst bed is maintained in similar state. Here air for catalyst 
deposit combustion serves as the fluidization medium. The 
circulation of catalyst between reactor and regenerator is 
accomplished without moving mechanical parts within 
catalyst vessels or piping. Catalyst is withdrawn from the 
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Total Space Velocity V 
Catalyst 
Catalyst Activity Index 
Process Steam 
Type Flow 
*Cu Dish Gum—6 mg; ASTM Gum 
** Contains 5.3 vol. percent of internal recycle 
*** Commercial plant, essentially single-pass operation. 


SUMMARY OF OPERATING CONDITIONS 


Hr./V.** 0.75 Vapor Inlet Temp. °F 24 


Catalyst Inlet Temp. °F 350 
Avg. Reactor Pressure, psig 50 


Coneurrent 
3 mg; Oxygen Bomb Stability 20 + Hrs 


base of the reactor into a stripping zone where it is aerated 
with steam to maintain a fluidized bed, to vaporize adher- 
ent oil, and to displace hydrocarbon vapors from catalyst 
voids, Stripped catalyst flows down into a standpipe. 
Steam and stripped vapors flow up through the catalyst 
bed into the reactor, Catalyst in the standpipe is slightly 
aerated, usually with steam, to maintain a dense phase 
fluid state. The mixture thus behaves as a liquid, so that 
the standpipe serves to provide an outlet pressure at its 
lower end which is considerably higher than the pressure 
above the catalyst bed in the reactor. Standpipe density 
will be 20 to 35 pounds per cubic foot. This pressure dif- 
ferential is needed for the transfer of catalyst, Standpipe 
velocities range 2 to 7 feet per second. Catalyst flows from 
the standpipe base through a throttle or “slide valve” to 
mix with a fast moving stream of air which enters the 
regenerator to provide combustion oxygen for burning the 
carbon deposit from spent catalyst. This air serves to 
transfer catalyst to the regenerator and to fluidize the cata- 
lyst bed there. 

Ratios of air to catalyst volumes in this carrier line are 
high so the mixture is low in density, Velocities range 
15 to 40 feet per second, exceeding the settling rates of 
the heavier catalyst particles, and the mixture readily 
flows up to enter the regenerator through a suitable distri- 
bution device beneath the catalyst bed there. 

The regenerator is operated at a pressure below that 
existing at the base of the spent catalyst standpipe. The low 
density of the catalyst-air mixture in the spent catalyst 
carrier line allows for a considerable elevation of regen- 
erator above the standpipe base without an unduly large 
“fluid head.” The regenerator pressure plus the fluid head 
of the dense phase catalyst bed in the regenerator plus the 
pressure drop across the entrance distribution grid plus 
the fluid head in the spent catalyst carrier line plus the 
friction loss in this line plus the pressure drop across the 
throttled slide valve must be equal to the pressure existing 
at the base of the spent catalyst standpipe when the unit 
runs smoothly in a state of operating equilibrium. Varia- 
tions in pressure differentials occasioned by changes in 
rate of catalyst flow or other factors are compensated by 
adjusting the slide valve to take greater or lesser pressure 
drops. The low density condition existing in the carrier 
line is termed “dilute phase” fluidization. 

Hot carbon-free catalyst is withdrawn from the base of 
the regenerator into a “fresh catalyst standpipe.” It is 
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towers that “give maximum performance for minimum size and H. P.” 
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CATALYTIC CRACKING AND REFORMING PROCESSES 





slightly aerated, with steam or inert gas. The fluid head 
at the standpipe base provides a pressure above that exist- 
ing in the reactor, thus allowing the circulation of catalyst 
back to that vessel. Carrier medium for the fresh catalyst 
is oil feed vapor. The oil may be preheated in exchangers 
or in a furnace or it may be mixed in a comparatively 
cold state with the catalyst. By circulating a large volume 
of catalyst sufficient heat can be made available to heat 
a cold feed. The use of a furnace provides desirable oper 
ating flexibility and permits lower catalyst circulation 
After contact with the hot catalvst the oil is in substan 
tially vaporized form, whatever its state at the time of 
contact. It thus occupies a large volume and serves as the 
carrier medium for transferring the catalyst up into the 
reactor, 

It should be noted that the combustion air volume re- 
catalyst burning is greatly in excess of the maxi 
mum amount likely to be needed for catalyst transfer 
circulation rates, Thus the 

unlikely “bottleneck” in 


juired for 


purposes at maximum catalyst 
circulation of catalyst is an 
these units 

rhe original development of the fluid catalytic cracking 
process was carried out by Standard Oil Development 
Company, Elizabeth N. J 
the patent rights of Standard Oil Development Company, 
Shell Development Company, The Texas Company, Stand 
ard Oil Company (Indiana), Anglo Iranian Oil Company, 
Lid.. The M. W. Kellogg Company, and Universal Oil 
Products ( ompany rhe M W Kellogg ( ompany and the 
Universal Oil Products Company serve as licensing agents 

The first commercial plant was designed before World 


The process Is licensed under 


War II and was intended for motor gasoline manufacture. 
The design was based on pilot-plant and semi-commercial 
plant work with continuous fluid cracking as well as inter- 
mittent fixed-bed cracking data. This plant was located at 
the Baton Rouge, La., refinery of Standard Oil Company 
of New Jersey, Louisiana Division, now Esso Standard Oil 
Company. Initial operation was with clay catalyst for 
motor gasoline production, When synthetic catalyst be- 
came available the plant was shifted to war products 
operation to make butylenes for synthetic rubber and alky- 
lation in addition to light paraffinic and heavy aromatic 
aviation-gasoline components. This first Baton Rouge unit 


and some later units are of “upflow” design, Figure 5C. 
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Figure 5C. “Upflow” Type Fluid Catalytic Cracking Unit 
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Figure 4C_ Fluid Catalytic Cracking Process 
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Figure 6C. Kellogg Fluid Catalytic Cracking Unit 


In these units reactor and regenerator are merely time 
tanks. The catalyst and vapor miatures enter the bottom 
of these vessels which are of sufficient size for cracking 
reactions or carbon burning operations to be completed by 
the time the catalyst and cracked oil or catalyst and flue 
gases reach the vessel upper outlets, Catalyst and vapors 
or gas are separated in external cyclone separators. Oil 
vapors flow on to fractionation. Flue gases flow to heat 
recovery and are vented to atmosphere. The separated 
catalyst is dropped into, respectively, spent and fresh 
catalyst hoppers and thence into standpipe and carrier 
lines for circulation. 

The upflow units were followed by a “downflow” design 
which is now standard practice for fluid cracking plants. 
This design employs the scheme for catalyst circulation 
and separation described earlier, Figure 4C. Reactor and 
regenerator serve as separators for catalyst and vapors in 
addition to their basic function in providing time capacity 
for reactions and combustion. The vapor exits of these 
vessels are fitted with cyclone separators for the recovery 
of entrained catalyst particles. The particles arg returned 
to the main catalyst bed in each vessel by means of a 
vertical “dip-leg.” 

Variations of the “downflow” 
oped by several engineering groups. The first downflow 
units of the Standard Oil Company (New Jersey) group of 
companies located the reactor near grade level with the 
regenerator supported at a higher elevation immediately 
above the reactor. Regenerator pressure is fixed by the 
back pressure on the flue gas outlet line at near-atmos- 
pheric at higher levels, depending on whether or not 
a restriction is installed in this line. It found in 
these early units that the catalysts increased considerably 
in density during service. The pressure drop available 
from the standpipes thus increased and provided an excess 
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over that needed for catalyst circulation purposes. It fol- 
lowed that the height of the standpipes could be decreased 
in later designs. It was also found entirely feasible to 
control the regenerator pressure by means of a restricting 
valve or orifice in the flue gas vent line. Obviously, varia- 
tion of reactor and regenerator pressures permits wide 
variations in the relative elevations of these vessels, 

The M. W. Kellogg Company, New York, has designed 
and constructed several plants embodying a layout with 
reactor and regenerator supported at the same elevation 
Figure 6C. Claims for this design include convenience 
in erection since either reactor ur regenerator can be 
placed in the structure independently as soon as they 
arrive at the construction site, without interfering with 
work in progress or other items which arrive later. The 
over-all height of the unit is reduced and piping design 
flexibility is a less difficult problem than with the regen- 
erator located at a high elevation. Low first cost and ease 
of maintenance are cited as factors in favor of the “bal- 
anced pressure design.” Reactor and regenerator pressures 
are approximately equal. Operation at low reactor pres- 
sures is said to result in less carbon formation. while low 
regenerator pressure is said to reduce utility costs and to 
minimize catalyst deactivation. 

Vapors leaving the reactor cyclones are not entirely free 
of catalyst particles so it is customary to recycle heavy 
cycle gasoil slurry from the base of the main fractionator 
back to the reactor, This returns the catalyst carryover to 
the main body of the catalyst circulation system but has 
the disadvantage that cracking these gasoils lays down a 
disproportionate amount of carbon on the catalyst. To 
lessen this effect slurry settlers are often installed to clar- 
ify the fractionator bottom slurry stream. Decanted oil 
from these settlers is substantially catalyst free and is sent 
A much smaller volume of catalytic 


to storage. gasoil is 
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How are you handling your refinery wastes now? Up against any 
restrictive laws? Too much in value being thrown away? 


Refinery wastes are a nuisance, and can be an economic loss but 
trouble disappears and values are recovered when they are handled 
on the Oliver Vacuum Precoat Filter. This filter has proved itself the 
solution to the refinery’s problem of “What can we do with our 
wastes?" Operations are continuous, automatic and economical. 


For example, one Oliver Filter in service is producing the following 
results: 2/10 of 1% sludge and only trace of water in the oil phase. 
The water phase is comparatively oil-free. 


This Oliver Precoat Filter is a modification of the Precoat Filter being so 
successfully used on contact clays, reducing materially both oil losses 
in the cake and handling costs. This Oliver Precoat Filter is one of nearly 
a score of basic types of filters designed by Oliver United Engineers for 
use in the major industries of the world: oil refining, coal and metal 
mining, pulp and paper, cane and beet sugar, cement, chemicals, 
sewage treatment, food processing and pharmaceuticals. 


Oliver United brings to each filtration problem not only the services of 
specialists in their respective fields but the broad over-all filtration 
experience gained by more than 40 years of service to industry. 


Oliver Precoot Filter recently installed for handling refinery wastes. 
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These are photographs of refinery slop oil “before and 
after” Oliver Precoat Filtration. The left hand bottle shows a 
representative slop oil containing 50% oil and 50% water, 
with emulsion stabilized by 6% solids content. The filtrate 
sample on right, representative of precoat filtration results, 
shows separation of refinery slop oil into water containing 
2 ppm of oil and 35° API gravity oil containing 0.4% 
BS & W or 0.1 % water (by distillation), the oil being accept- 
table as “‘rerun’’ stock. 
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thus finally recycled to the reactor, Recent Kellogg units 
incorporate this slurry settling step into the base of the 
fractionator in an integral design. The integral slurry 
settler avoids handling hot oil in a tank type external 
vessel and is considered safer in operation than earlier 
installations. 

Oil that leaves the reactor stripper section with the 
spent catalyst is lost from the plant product yield, and has 
the serious effect also of adding to the combustion load at 
the regenerator and decreasing the carbon burning capac- 
ity of the unit, often the limit on plant capacity. Recent 
Kellogg units employ a separate catalyst stripping vessel 
external to the reactor, Catalyst Hows to the unit through 
a control valve. This allows the catalyst bed in the reactor 
to be held at any desired level. Stripping steam and vapors 
leaving the stripper flow through a vapor line to enter the 
reactor above the catalyst bed. This provides a lower 
pressure at the stripper and assists in obtaining thorough 
stripping action. 

Flue gases leaving the cyclone separators at regenerator 
outlet also carry a certain amount of catalyst along. Elec- 
trical precipitators have been extensively used for the 
recovery of this carryover. Early units adapted existing 
precipitator designs to the requirements of the catalytic 
cracking Shells fabricated of flat plates were 
suitable for operation only at quite low pressures. Recent 


proe ess 


Kellogg units employ a precipitator design especially de- 
veloped for the process. A shop-fabricated pressure-tight 
cylindrical shell is used, allowing higher pressures than 
were possible with the earlier units 

Early fluid units were designed to use ground natural 
The natural catalyst is excavated 


or synthetic catalysts 


Comparison of Single Pass Yields at 50 Percent Conversion 
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from naturally occurring clay deposits, the synthetic cata- 
lyst manufactured to desired specifications, Both are 
ground to the desired particle size range. More recently 
synthetic catalyst has been developed in the form of small 
spherical pellets, “microspheres.” This catalyst when 
manufactured is comparatively uniform in size and free 
of particles in the smaller ranges, hence is more readily 
retained in process equipment by the use of simple cyclone 
separators, Catalyst recovery means can be less elaborate 
in units designed for operation on microsphere catalyst. 
Small particles do occur as the result of attrition, but this 
effect is reported to be not a too serious factor in the 
operation of commercial units. 
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The FLUID CATALYTIC CRACKING process has been 
adapted to the needs of both large and small refineries. 
Operating units in the capacity range from 2600 to 18,000 
barrels per day have been designed by Universal Oil Prod- 
ucts Company, Chicago. For installations of small charge 
capacity UOP has developed and placed in commercial op- 
eration a design in which reactor and regenerator are com- 
bined in a single tower erected as a self-supporting column. 
The heavy structure of earlier units has been eliminated, 
and there has been a general reduction and simplification 
of piping, Figure 7C. In this design oil feed is charged 
as a liquid at the base of the reactor riser. Hot catalyst 
from the regenerator enters the riser at the point of oil 
injection, supplies the process heat requirements and is 
transported upward by the vaporized oil into the reactor. 
Spent catalyst is continuously withdrawn from the upper 
part of the reactor dense phase bed to hold a level in the 
reactor, and passes downward through the stripping section 
into the regenerator. Three zones are available for 
stripping in this design. The stripping medium is injected 
at the bottom of both the internal and the external 
strippers. Additional stripping of the spent catalyst is 
obtained in the upper section of the regenerator where the 
bulk of the flue gas from the combustion of coke in the 
lower sections contacts the incoming catalyst. 

Regenerated catalyst flows from the lower section of the 
regenerator to the reactor riser at a rate controlled to 
maintain a constant reactor temperature. The regenerator 
flue gas is vented to the atmosphere through an internally 
mounted cyclone separator which recovers entrained cata- 
lyst. The hydrocarbon products from the reactor pass to 
the fractionator likewise through an internally-mounted 
cyclone separator which recovers entrained catalyst and 
returns it to the catalyst bed. 

With the regenerator below the reactor the air for re- 
generation moves countercurrent to the flow of catalyst. 
With countercurrent flow and staging of the regenerator 
with grid plates the oxygen content of the outlet gas can 
be reduced 14 to 1 percent. 

The unit can utilize either synthetic or natural cata- 
lyst. In its most simple design synthetic catalyst which has 
a microspherical form is used. Because of the spherical 
shape of the particle and its greater strength as compared 
with the ground powdered catalysts, this catalyst has low 
erosion and attrition rates. Because of the reduced forma- 
tion of fines by attrition, plants using microsphere catalyst 
can dispense with secondary catalyst recovery on the gas 
from the regenerator, still maintaining a low catalyst loss. 

Economic consideration of market requirements and 
operating costs govern the choice of catalyst. Silica-alumina 
catalyst gives high octane numbers but a lower gasoline 
vield, while somewhat more gasoline having a lower octane 
number is produced with natural catalyst. 


Fluid Catalytic Cracking 31° API Mid-Continent Gasoil 
(Silica-Alumina Catalyst) Pilot Plant Results 
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The HOUDRIFLOW CATALYTIC CRACKING precess 
is newly developed and of the moving-bed type. It retains 
many of the features of the Thermofor units but differs 
in important respects, It is licensed by the Houdry Process 
Corporation, Philadelphia. Some basically new features 
are incorporated in the design. A flue gas lift transports 
pelleted or bead catalyst from the bottom to the top of 
the unit, replacing the bucket-type elevator of the TCC 
process. The use of the lift removes the practical limita- 
tions on catalyst circulation imposed by bucket elevators 
and simplifies the catalyst circulation system by the 
elimination of mechanical elevation and handling devices. 
Catalyst to oil ratios in the range of 4 to 8 are provided, 
an important increase over the usual 2 to 3 of the bucket 
elevator designs. The higher catalyst circulation rates 
permit the simplification of regenerator internals, A 
major portion of the regeneration heat is absorbed by the 
flowing catalyst, and one or two burning zones are suffi- 
cient as contrasted to seven to ten in conventional TCC 
units. A superimposed self-supporting circular reactor and 
regenerator section makes a single lift of catalyst sufficient 
and requires a smaller ground area for a unit of given 
capacity. 

In the new design, Figure 8C, 
catalyst in the upper lift hopper flows by gravity through 
a reactor seal leg into the catalyst distributing head of 
the reactor. Catalyst enters the reaction zone via two paths: 
an annular orifice located in the center of the top seal 
plate permits approximately 80 percent of the catalyst 
to enter the reaction zone in the form of an annular curtain 
which surrounds the mixed-phase reactor charge injection 
nozzle; the balance of the catalyst flows through a number 
of peripheral catalyst feed pipes, the length of which 
determines the height of the bed of catalyst in the reactor. 

Continuing to flow by gravity, the catalyst passes down- 
ward through the reaction zone, through vapor disengaging 
and steam purging sections in the bottom of the reactor 
and then by way of a seal leg into the distributing head of 
the kiln. The spent catalyst flows into the kiln proper 
through a distributor especially designed to insure uni- 
formity and continues downward through two solid-bed 
regeneration zones. Leaving the bottom of the kiln, the 
regenerated catalyst flows by gravity through a seal leg 
into the lower lift hopper from which point it is trans- 
ported by means of flue gas from the kiln through the 
vertical lift pipe into upper lift hopper to complete a 
cycle of flow. 

As in the conventional TCC process, a small stream of 
catalyst from the hopper is continuously by-passed to an 
elutriator where “fines” are removed by air classification 
to maintain the average particle size of the catalyst in 
the system at the desired value. 

The oil-charging stock may be delivered to the reactor 
in liquid phase, vapor phase, or partly vaporized. Any feed 
stock suitable for catalytic processing is preheated by heat 
exchange and a fired preheater to a nominal temperature 
of perhaps 700° F. The feed flows directly into an injection 
nozzle located centrally in the top of the reaction zone. 
Mixed-phase feed is atomized and directed onto the annular 
curtain of hot catalyst which immediately completes the 
vaporization of the charge and brings the temperature of 
the vapor catalyst mixture to the desired level for reaction. 
Hydrocarbon vapors pass downward concurrently with the 
catalyst through a solid-bed reaction zone, Cracked vapors 
leave the reaction zone via a catalyst-vapor disengager 
device in the lower part of the reactor and flow to a con- 
ventional fractionation and recovery plant. After passing 
through a vapor disengaging zone, the coked or spent 
catalyst flows through a steam purging section before 
leaving the reactor. By the countercurrent flow of steam to 
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catalyst, thorough stripping of residual hydrocarbons is 
achieved even with the heaviest reactor charge stocks. A 
small flow of steam into the head of the reactor, auto 
matically regulated by a recording flow controller, main 
tains a seal at the top of the reactor to prevent the escape 
of hydrocarbon vapors up the seal leg and similarly the 
purge steam in the bottom of the reactor precludes the 
possibility of escape of cracked vapors through that seal 
leg into the regenerator. 

Air for regeneration is supplied at about 10 psig., and 
by-passes the air heater which is used for start-up only 
It enters the kiln through a channel-type distributor. Ap- 
proximately half of the air flows upward countercurrently 
to the catalyst through the upper burning zone and the 
balance of the air flows concurrently with the catalyst 
through the lower burning zone 

Several minor variations are possible and have been 
incorporated in other commercial designs, Flue gases from 
the upper burning zone disengage above the catalyst dis 
tributor, leave the top of the regenerator and enter the 
main flue gas duct while the flue gases from the lower 
burning zone leave the bottom of the regenerator by way 
of a channel-type collector and also enter the main flue 
gas duct, A bank of cooling coils removes regeneration 
heat as required to maintain desired catalyst temperatures 
A pump cire ulates cooling water through the coils from 
the steam flash drum. Pressure in the range of 5 to 9 psig 
is maintained in the regenerator by means of a flue gas 
control valve positioned by a differential pressure recorder 
controller. A seal to prevent the escape of flue gas up the 
seal leg is maintained by an automatically regulated flow 
of steam into the head of the regenerator. 

Approximately half of the flue gas from the kiln flows 
from the duct to the catalyst lift 
hopper to be used for transportation catalyst 
Most of the balance of the flue 
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Figure 9C. Simplified Thermofor Catalytic Cracking Process 
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Figure 10C. Suspensoid Catalytic Cracking Process 


the atmosphere, a small portion being diverted to the 
elutriator for pneumatic classification of the catalyst and 
removal of fines. The flue gas for the catalyst lift enters 
the lower lift aopper through a pressure controller, engages 
and carries the catalyst up the lift pipe to the upper lift 
hopper. Experience on both small and commercial-scale 
gas lifts employing pelleted and bead catalyst has shown 
that catalyst flow rates may be closely controlled by ap- 
propriate regulation of the flue gas and catalyst velocities 
in the lift pipe. It has been demonstrated that catalyst 
losses due to attrition may be easily maintained in the 
range of 0.01 to 0.02 weight percent of the catalyst circula- 
tion rate. This is roughly equivalent to 0.2 pounds per 
barrel of reactor throughout. 

A new bed system for catalyst reaction and 
regeneration, the SIMPLIFIED THERMOFOR CATA 
LYTIC CRACKING process, Figure 9C, has been devel- 
oped by Socony-Vacuum Oil Company, Inc., New York, 
and is available for license under patent rights held by 
that company, It is claimed that the simplified process has 
more flexibility and costs less to build than formerly. 
Additional flexibility has been incorporated by use of a 
gas lift to permit greater variations in catalyst to oil ratio 
and reactor temperature. Liquid oil feed may be charged 
to the unit, permitting the processing of the heaviest of 
catalytic cracking charging stocks, Construction costs have 
been cut by eliminating mechanical elevators, superimpos- 
ing the reactor above the circular kiln and minimizing the 
The basic features of the 


moving 


internal elements of the kiln 
process have been retained, so that high liquid recoveries, 
cracking efficiencies, and gasoline to coke ratios associated 
with TCC operations are maintained. Catalyst distribution 
has been improved, and high catalyst activity levels are 
maintained, 

Hot regenerated catalyst enters the reactor from the seal 
leg and contacts the oil charge. The oil is cracked while 
flowing downward concurrently with the catalyst through 
the reactor bed. The cracked vapors are disengaged from 
the catalyst and are separated into the desired cuts in a 
conventional fractionating column and gas plant, Oil va 
pors are kept in the reactor by exhaust steam seals at the 
top and bottom. The steam in the bottom seal also purges 
the catalyst of heavy hydrocarbons in a uniform counter- 
current operation, thus minimizing the coke-burning load 
of the kiln and improving the liquid recovery. Spent cata- 
Vol 
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Figure 8C. Houdriflow Catalytic Cracking Process 


kiln and is regenerated with con- 
The burning tem- 


lvst then lows to the 
current and countercurrent flow of air 
controlled by 


steam 


peratures are closely varying air rate and 


temperature and by generating in cooling coils 
[hese cooling coils allow the temperature of the catalyst 
to the reactor to be varied over wide ranges. The kiln oper- 
ates at essentially atmospheric pressure, thus minimizing 


the air compressor power requirements Regenerated cata 


lyst flows from the bottom of the kiln to the lift pot and 
is then lifted with gas to the top of the structure at the 
desired rate, adjusted from the control room. The lift is 
isolated from both kiln and reactor and operates independ 
ently of pressure variations in either vessel, The catalyst 
at the top of the lift flows down the seal leg and enters 
the reactor, completing the cycle. 


The SUSPENSOID CATALYTIC CRACKING process. 
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Behind the man who serves the public... 


With motor oil and gasoline requirements rapidly 
becoming more spec ific and exacting the role of 
the chemist in improving the standards of per- 
formance increases in importance. As a producer 
of cracking catalysts, motor oil additives and 
other products used in the industry, Cyanamid 
1S providing greater and greater service ... by 
introducing new products through continued 
chemical research and in helping customers use 
the findings of its research profitably. 
Cyanamid’s extensive laboratory facilities and 
the specialized experience and skills of its tech- 
nical staff are at your service in using AEROCAT* 
Synthetic Fluid Cracking Catalysts . . . AERO** 
Specialty Catalysts ... AERoLUBE* Additives for 
regular, premium and heavy-duty motor oils 


Gasoline Dyes, and Drilling Mud Chemicals 
Literature and samples of these products are 


available upon request Write today. 


**Trademar 





*Reg. U.S. Pat. Off 


AMERICAN Ganamid LOMPANY 


PETROLEUM CHEMICALS DEPARTMENT, DIV. A9 


30 Rockefeller Plaza, New York 20, N. Y. 

















WHEN PERFORMANCE COUNTS... CALL ON CYANAMID 
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CATALYTIC CRACKING AND REFORMING PROCESSES 





licensed by Imperial Oi] Company, Ltd., Sarnia, Ontario, 
has fundamental features that distinguish it from other 
catalytic cracking processes. It is unique in the utilization 
of very small quantities of catalyst and in the absence of 
special reactors, Figure 10C, Powdered catalyst in the 
form of an oil slurry is charged with the feed to a con- 
ventional type of thermal cracking coil and the catalyst 
is recovered from the product tar by filtration. After 
filtration the catalyst may be regenerated and reused. Be- 
tween 2 and 10 pounds of catalyst per barrel of total feed 
are customarily employed. In general, thermal cracking 
units may be readily converted to the process. A wide 
variety of feed stocks, ranging from naphthas to heavy 
gasoils and cycle stocks may be processed. Any type of 
feed stock may be processed provided complete vaporiza- 
tion of the oil is attained. To assist in vaporizing heavy 
stocks, carrier mediums such as naphtha, water, or propane 
may be added to the feed. It has been found that when 
cracking at severe conditions to a given pool octane num- 
ber, appreciably higher distillate yields are obtained if 
the naphtha and gasoils are charged as a mixed feed to a 
suspensoid cracking unit rather than by reforming the 
naphtha and suspensoid cracking the gasoils 


Suspensoid Cracking Feed Stocks with Various Crudes 
(Feed rate, 9 V/V/Hr. Coll pressure, 600 psig. Catalyst, Fresh 3A 
at 10 ths./bbi.) Yields are in liquid volume percent uniess noted. 
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Figure 11C. Hydrotorming Process 


Catalytic reforming processes have roughly the same 
purposes as the thermal reforming processes. They have 
been used so far on a much smaller scale but offer promise 
for further extensive development. 

The PERCO CATALYTIC REFORMING process of the 
Phillips Petroleum Company, Bartlesville, Okla., utilizes 
the equipment earlier described for the related catalytic 
cracking process, Figure 2C, The normal benefits derived 
from the Perco Catalytic Desulfurization process, de- 
scribed in the section on treating, are obtained. There is 
an appreciable increase in the clear octane rating, due to 
some additional mild cracking or reforming evidenced by 
the presence of fixed gases in the reactor effluent stream. 
Normal process cycles are of the order of 24 hours or 
more with a comparatively light deposition of carbon on 
catalyst. The process operates at low pressure, usually 
50-100 psig. Feed is vaporized, usually by heat exchange 
with reactor effluent, and superheated to about 1000° F. 
Superheated vapors pass through the reactor and on to 
heat recovery and product separation, The process is espe- 
cially applicable to stocks having moderately high total 
sulfur. It may be operated either as a catalytic reforming 
unit or as a catalytic desulfurization unit. 
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HYDROFORMING is primarily a catalytic process for 
converting a low-octane naphtha into a high-octane motor 
gasoline. The process is also utilized for the production 
of aromatics. The bulk of the toluene used for explosives 
during World War II was so produced. A number of such 
plants have been built by and licensed through The M. W 
Kellogg Company, New York, under patent rights of the 
that own the fluid catalytic 


same group ol 


cracking process. 


companies 


This conversion or reforming is accomplished largely 
by means of dehydrogenation and cyclization reactions. 
These reactions are promoted by molybdena-on-alumina 
catalyst at temperatures of 900-1000° F. and pressures of 
150-300 psig. with a high partial pressure of hydrogen in 
the reaction zone. The hydrogen partial pressure is main 
tained by recycling hydrogen-rich gas to the reaction zone 
along with the vaporized fresh feed. The process usually 
produces a large amount of net hydrogen, which makes 
possible the hydrogen-rich recycle 


Naphthenes feve loparattins ) in the feed stock are dehy 





drogenated, and some molecules are slightly rearranged to 
form aromatics. Considerable cyclization of straight-chain 
hydrocarbons also takes place. If any olefins are present, 
as is the case when same cracked naphtha is included in 
the feed, these are almost completely converted to paraffins 
or ring compounds, Over 90 percent of the sulfur contained 
in the naphtha feed is removed, giving a low-sulfur re- 
formate even when a sulfur-bearing naphtha is charged. 
Additional characteristics of hydroformer gasolines are 
low Reid vapor pressures; high clear octane numbers; 
high lead susceptibilities. 

Yields of 78-80 velume percent of 80 CFR-M octane. 
100 percent C, recovery gasoline are obtained, with the 
balance of the material going approximately three fourths 
to C,-free gas and one fourth to polymer and carbon 
When operating to lower octane levels it is possible by 
blending in extraneous butanes to the 10-pound Reid vapor 
pressure level, to obtain a yield based on feed of 100 
percent of 69-octane gasoline which can be brought up to 
80 CFR-M octane by the addition of 1.5 cc. of TEL. 

Hydroforming unit, LIC, 
usually having four or more reactors filled with catalyst. 
half of which are always in series on reaction, and the 
other half in different stages of regeneration. The reactors 
are switched from reaction through regeneration and back 
to reaction to 16 hours duration by an 
electric cycle-controller, Regeneration is necessary because 
a small deposit of carbon and a partial reduction of the 
metal in the catalyst combine over a period of hours to 
reduce the activity of the catalyst. The carbon is burned 
and the catalyst reoxidized by combustion in a streara of 
air greatly diluted by cooled and recirculated flue gas 

The reaction products are recovered and fractionated 
free of 


is carried out in a Figure 


in cycles of 8 


into: 1) a hydrogen-containing gas substantially 
hydrocarbons heavier than propane, 2) a highly aromatic 
“polymer” boiling above 400° F., and 3) a depropanized. 
LOO F. end-point gasoline. 

The table below shows the inspections of a typical 
naphtha feedstock together with the inspections of the 
gasoline produced from it 


FEED 
West Texas and Mid- 
Continent Mixed 
Naphtha 


Hydrefermer 
Gasoline 
iravity, “API 50.5 50.5 
ASTM, Distillation, °F 
IBP 174 
156 
258 
338 
P 399 
Octane Number, CFR-M clear 80.3 
Aniline Point, °F. 57 
Bromine Number 
Lamp Sulfur, Weight Percent 


10 Percent 
50 Percent 
90 Percent 
E 


0.015 


Co-Free Gasoline 
Butanes 


| 
| 
Yields, Vol. Percent of Feed (Outpat Basis) | 
Polymer 


Yields, Wt. Percent of Feed Output Basis 
Ca-Free Gasoline 
Butanes 
Polymer 
C4a-Free Gas 
Carbon 


The ISOFORMING process, available through Stand- 
ard Oil Company (Indiana), Chicago, is suitable for the 
improvement of thermally-cracked naphthas, especially 
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Figure 12C. Isoforming Process 


those of high olefin content. The hydrocarbon vapors are 
passed over solid catalysts at high space velocities. The 
improvement in octane rating is moderate, but extremely 
high yields are obtained. 

Feed stocks of high olefin content and low octane num- 
ber are conducive to greater octane number improvements 
Typical improvement for a Mid-Continent thermally 
cracked naphtha is 4 to 5 units, for example, 68 to 72 
ASTM clear, Coke-still naphthas which have a higher ole- 
fin content and lower octane number can be improved 8 
to 10 units, for example, from 59 to 68 ASTM clear. The 
process yields about 97.5 to 98.5 volume-percent liquid 
product based on charge. Small losses to dry gas and car- 
bonaceous residues amount to about 1.8 percent based on 
About 2.5 
above the end point of the charging stock is formed. In 
addition to octane number improvement, there is an appre- 
ciable desulfurization, improving lead response 

Relatively low pressures. for example, 10 to 20 pounds 
per square inch, and temperatures of about 950° F. are 
used. Space velocities of from 75 to 125 barrels per hour 


volume charged, percent of a polymer boiling 


per ton of catalyst can be used. and in some instances even 
higher. The activity of the catalyst is maintained for a 
period of about 48 hours, after which it is regenerated by 
burning off carbonaceous deposits with a flue gas contain- 
ing an average of 5 mol-percent of oxygen, The maximum 
regeneration temperature is 1050° F. Two reaction cham- 
bers operate in parallel. one being regenerated, while the 
other is on stream. 

For catalyst, acid-treated clays can be used. as can the 
synthetic silica-alumina type. Synthetic zeolites are espe- 
cially effective and are preferred. 

The flow diagram, Figure 12C, illustrates the operation. 
Heavy naphtha charge is heated by exchange-and furnace 
to the desired temperature, and passes as a vapor into the 
reactor on stream, “Isoformate” and small traces of poly- 
mer and gas pass from the reactor to a fractionator, Poly- 
mer is removed as fractionator-bottom product. Overhead 
dry gas and “isoformate” pass to a separator, the gas 
being vented to an absorption plant and the liquid con- 
densate passing to a depropanizer. The “isoformate” prod- 
uct is removed as bottoms from the depropanizer, 

A generator provides flue gas containing about 5 percent 
oxygen, which is used for regeneration in the other reac- 
tion chamber. The effluent gas stream from the regenera- 
tion passes through a waste-heat boiler for heat recovery. 
The Isoforming process should perform an important 
function in small refineries which have not yet installed 
catalytic cracking, in addition to being useful in all refin- 
eries where large volumes of coke-still naphthas and other 
thermally-cracked stocks are available 
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Gas Conversion Processes 








ry. 
| HROUGH the development of gas conversion processes 
light hydrocarbon gases few vears back would 
have been discarded to plant fuel systems or to flares are 
now made into valuable products 

As gasoline production by thermal cracking increased. 
and as natural gasoline plants were built to recover light 
butanes and propanes 
became available, but little ad 
vantage. Butane did assume a rather stable position as a 
and a considerable 


which a 


hydrocarbons, larger volumes of 


generally were used to 


marginal of gasoline, 
market for liquefied petroleum gases gradually developed. 
Some use was made of such materials as feed for petro 
too, but large ex 


component 


chemical manufacturing operations, 
esses of butanes and lighter gases were wasted 

In the middle 1930's processes for the polymerization 
of butylenes and propylenes came into use, Refiners found 
that gases from cracking units could be readily converted 
into polymer gasoline of high blending octane value for 
Also, the poly plant product could 
make stock. The 


comparatively simple and re 


use in motor fuels 


be hydrogenated to gasoline 


aviation 
equipment needed was 
fineries in all capacity groups adopted such processes 
Immediately before the second World War, a number 
of alkylation plants were placed in commercial operation 
These plants utilized butylenes and isobutane as their feed 
stock and achieved the direct production of aviation fuel. 
Military requirements led to the rapid construction of a 
reat number of alkylation plants for manufacture of 100 
iviation fuels and of the so-called super fuels 


octane 
also to the wartime synthetic 


Butvlenes were essential 


rubber program. Because of these wartime demands buty 


lenes and isobutanes, together with isopentane, became ex 


tremely important. To supplement short supplies of iso- 
butane, several processes for isomerizing normal butane 
came into considerable use. In the same period isomeriza- 
tion processes were used also to some extent to convert 
heavier hydrocarbons to materials having higher octane 
ratings, Cracking apparatus was operated at conditions giv- 
ing high yields of butylenes and propylenes. 

Processes employed then without too much attention 
to economics today are subjected to evaluation on their 
utility in normal commercial operations, Motor fuel de- 
mand, however, has exceeded all expectations, and as 
a result, many process installations originally considered 
wartime measures have been continued in peacetime opera- 
tion. While there is not the extreme shortag of butanes 
experienced earlier, many plants now are converting all 
available butylenes and propylenes into salable products. 
Petrochemical processing, too, is becoming a significant 
factor in the usage of light hydrocarbons. 

One effect of these developments influences the design 
of all kinds of process equipment. Fuel gas, which once 
included most of the butanes and lighter gases and was 
quite readily available in the average process plant, now 
may include only some of the propanes plus the lighter 
gases. In many plants fuel gas is a rather scarce and 
valuable utility, This in turn justifies larger expenditure 
to obtain good heat economy in process operations. 


Catalytic Polymerization 


One of the first of the catalytic processes employed in 


the petroleum refining industry was the CATALYTIC 
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Figure 1P. UOP Catalytic Polymerization Process 








LUMMUS designs and builds with 


economy 
teamwork 
resourcefulness 
perspective 
fulfillment 








A part of the solvent dewaxing section of the new lube oil 
plant of Cit-Con Oil Corporation, at Lake Charles, La. 





Economy in plant design and construction 
starts with an attitude of mind — a willingness 
to apply to the practical problems of the low- 
cost plant the same enthusiasm given to “per- 
fectionist” designs. 

Operating economy is sought by process 
and design ingenuity, rather than by ultra- 
refinement of specifications beyond the eco- 
nomic limit. 

Economy is carried through construction 
by an organization so closely-knit that the 
lessons of past experience are fully utilized. 
Savings conceived in design accumulate 
through drafting, purchasing and construction. 


LUMMUS designs and builds with 


Two types of teamwork play important , 
roles in the engineering and construction of 
a plant: (1) Internal — within the contrac- > 
tor’s own organization, (2) External — be- ‘ 
tween the contractor's and your personnel. ' 
Internal teamwork shows up in records 
of successful accomplishment, a product of 
experience in working together on job after 
job. But the extent of external teamwork is 
more difficult to predict. 
In carrying out its contracts, Lummus 
assumes a responsibility for giving you the 
benefit of all that your staff can contribute, tea Mm wo ra 4 
as well as our own. We do not lean on your 
staff for ideas. But neither do we lean away 
from preferences they express or sugges- 
tions they offer. Your Lummus-built plant 
makes the most of the combined experience 


of your people and ours. 
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Resourcefulness in plant design and construction 
originates from two main sources: First, the com- 
pany’s tangible strengths . . . laboratory facilities, 
engineering organization, manufacturing and con- 
struction equipment. Second, the capabilities of 
the people within the company organization in fac- 
ing problems that require ingenuity and innova- 
tion. 

These two company resources working together 
give maximum performance, for the resourceful 
man can accomplish no more than his tools and 
techniques permit. 

Lummus offers you the resourcefulness that 
comes from complete facilities at the disposal of 
minds with originality and broad experience. 





Perspective in plant design and engineering 
calls for matching progressive engineering 
with economic foresight. We cannot predict 





the future, but we can recognize that the eco- 
nomic balance for a plant or process never 
stays put. We in Lummus do our best to look 
at your plans from past, present and future 
points of view. 

Our perspective has paid off in plants of 
exceptional operating flexibility —able to 
make a profit in spite of wide swings in 


demand. 


perspective 
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Fulfillment of contractual guaran- 
tees in plant design and construc- 
tion is to be expected of any well 
qualified organization. It becomes 
a basis for preference as engineer- 
ing commitments are consistently 
surpassed. ; 

Lummus stands ready for evalu- 
ation on whatever scale of values 
means the most to you: output, 
completion dates, or long initial 
runs. But the test that Lummus re- 
gards as the best evidence of its 
ability to fulfill your needs is its 
record of success in bringing new- 
process plants from pilot stage to 
full-scale operation. 


THE LUMMUS COMPANY 


420 Lexington Avenue, New York 17, N. Y. 


CHICAGO — 600 South Michigan Avenue, Chicago 5, Ill. 
HOUSTON — Mellie Esperson Bidg., Houston 2, Texas 


The Lummus Company, Ltd., 525 Oxford St., London, W-1, England 


Société Francaise des Techniques Lummus 
39 Rue Cambon, Paris ter, France 


Compania Anénima Venezolana Lummus—Edificio “Las Gradillas”’ 
Esquina Las Gradillas, Caracas, Venezuela 
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POLYMERIZATION process developed and licensed by 
Universal Oil Products Company, Chicago, Figure 1P. 

Generally the process is used to polymerize propylene 
and butylenes found in the gases produced from thermal 
or catalytic cracking of topped crudes or gasoils. Propy- 
lene and butylenes can be polymerized either alone or in 
admixture, depending on the product desired, 

Polymerization of butylenes in the absence of other ole- 
fins can be controlled to yield a product which on hydro- 
genation will rate 90-95 octane number. This “selective” 
polymerization operation is used to produce aviation gaso- 
line components. Polymerization of propylene and buty 
lene mixtures for the production of a fuel to be blended 
in motor gasoline is referred to as non-selective operation. 
This is the common operation, 

Propylene can also be polymerized separately to make 
either a motor polymer or a product rich in either C,, ( 
or C,, polymer, depending on operating conditions. In 
recent years the butylenes have in some cases become more 
valuable when converted to other products, Now many 
plants are operated for the polymerization of the residual 
propylene. 

The polymerization operation involves contacting the 
olefin-containing feed stream with the catalyst at tem- 
peratures in the range of 350° to 475° F. and at pressures 
ranging from 150 to 1200 psi. Processing conditions vary 
with the equipment employed, the feed stock and the prod- 
uct desired. 

Two types of reactors are presently used for the process. 
The most usual design is termed a “chamber” unit. In 
this unit, Figure 3P, the catalyst is contained in a vertical 
chamber, Catalyst is loaded in one or more chambers. 
each containing multiple catalyst beds of 5 feet to 10 feet 
in depth. 

The polymerization reaction is exothermic. The system 
in which the reaction takes place is essentially adiabatic. 
so the temperature of the reactants increases as they travel 
through the catalyst beds, To maintain the catalyst tem- 
peratures in the range considered most effective for good 
olefin conversion and catalyst life, it is desirable to con- 
trol the amount of reaction that occurs in the catalyst 


Catalytic Polymer Properties 


Reactor 

§ 1000 

370-465 450 

Propane- 

propylene 

from Refinery from Refinery 
Gas Coa- Gas Con- 
centration centration 

System 


Type of Plants 
Pressure psig 
Temperature °F 
Feed Stock 


Chamber Reactor 
500 000 


Stabilizer 
Net Overhead 
Liquid 


Polymer Inspection 

(rravity 62.4 
IBP 144 
5 204 
244 
266 
24 
330 
402 


10 Percent 
30 Percent 
50 Percent 
70 Percent 
90 Percent 


Ree 
RVP 4 


Average Polymer Properties 
Bromine No 
Induction Period 
Clear 
+ 0.025 Percent UOP No. 1 
+ 0.005 Percent UOP No. 4 
Copper Dish Gum 


130-150 


15 min 
500-550 
450-500 
25 mgs 
ASTM (Octane Number Clear 82.5 
ASTM Octane Number +3 ce TEL 85.0 
Research Octane Number Clear 97.0 
Research Octane Number +3 ce TEI 100.0 


Polymer Blending Values 
5-10 Percent Blends in Average Straight Run 
Gasoline 110-120 
5-10 Percent Blends in Therma! Cracked 


Casoline 95-100 
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Figure 2, left, Exchanger Type and 
Figure 3, right, Chamber Type Polymerization Reactor 


chamber by the recycling of hydrocarbons which have 
been through the catalyst chambers. This recycle material. 
being low in olefin content, acts to dilute the olefins in the 
fresh feed. It is possible thus to limit the temperature 
rise through the reaction zone. 

The other, or “reactor” type of unit, Figure 2P, em- 
ploys heat-exchanger type reactors. In this design the 
catalyst is loaded in vertical small diameter tubes which 
are surrounded with a cooling medium to remove the heat 
of reaction. Reaction temperature control is obtained by 
controlling the temperature of the cooling medium. In this 
manner the reaction approaches isothermal conditions and 
it is therefore possible to process feeds of high olefin 
content without the use of recycle. 

Reactor type units are most used when the feed to be 
processed is high in olefin content such as is the case for 
C, and C, fractions produced from catalytic cracking. 

4 CATALYTIC POLYMERIZATION process which em- 
ploys copper pyrophosphate as the catalyst is available 
for licensing through The M. W. Kellogg Company under 
Polymerization Process Corporation patents, and patent 
rights of Phillips Petroleum Company, Standard Oil Com- 
pany (Indiana), Standard Oil Company ( New Jersey), the 
Texas Company, and The M. W, Kellogg Company. 

In this process the catalyst has a normal life of 100-150 
gallons of polymer per pound of catalyst. In these units 
the liquid feed stream of C, and C, hydrocarbon reactants 
from the gas-recovery system is first treated to remove 
hydrogen sulfide and then washed with caustic to remove 
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Look at the Born ‘“‘Upfio”’ Heater... 
Look inside of the Born ‘‘Upfio”’ Heater . . . 


Born invites you to check the Born “Upfio” Heater 
point-by-point with any other heater. You will see 
why “Upfio” Heaters — 

*Produce higher efficiencies 

tOperate with negligible maintenance costs — 

Have low first cost — 
Have low operating costs — 

Using the drawings shown below, check the coun 
ter current flow* from the time it enters the heater 
to the time it leaves look at the careful construc- 

on details look at the outer wall casing which 
serves as an air-tight plenum* chamber allowing the 
secondary air to enter at the top of the outer wall, 
go down the sides of the furnace walls,t cooling 
then across the face of the foundation,f cooling 


them, 
t, before being drafted up to the burner area where 


this now pre-heated air is used for combustion.* Look 
at the alloy tube supports.t Check the safety features, 
such as the explosion doors in the roof—safety pilots 
on each burner—study these drawings . . . then call a 
Born representative for the complete details of Born 


“Upflo” Heaters. 

3orn “Upflo” Heaters are available in a full range 
of capacities from 2 million BTU/hr to 80 million 
BTU/hr 

Also available, but not illustrated, is the Born 
Portable “Upflo” Heater. Available in capacities from 
2% million BTU to 6 million BTU. Skid mounted 
and shipped completely assembled, this prefabricated 
heater operates on the same time-tested principle of 
all Born “Upflo” Heaters. Ask your Born representa- 
tive for more information on the portable heaters 
















































































PLAN SECTION 








SIDE ELEVATION SECTION 


ORIN 


ES CALIF 


Representa LES 
N, TEXAS 


Canadian ssoctat ANDO? 


TULSA, 


OKLAHOMA 


Petroleum Re finer 





Plot Plant 


“© Uesigned 
a Engineered 
> » Constructed | 
| 4y BURN 4 














TULSA, OKLAHOMA 


September, 1949—A Gulf Publishing Company Publication 





GAS CONVERSION PROCESSES 





mercaptan sulfur. It is heated to 300-400° F. and intro- 
duced into the reactor which is kept at about 900 psig. to 
maintain the material in the dense phase. 

After reaction the effluent proceeds to conventional 
stabilizing equipment. Hot product gases leaving the re- 
actor exchange a portion of their heat to the incoming 
charge and flow to a depropanizer where propane and any 
unconverted propylene is routed either to plant fuel or to 
bottled gas. The depropanized product flows to a debu- 
tanizer where high-octane polymer gasoline is the bottom 
product. The butanes are used for motor-fuel-blending. 

Codimer Operation is the polymerization of butylenes 
only and uses a hydrocarbon feed stock of essentially 100 
percent C,’s, The operation usually is carried out at tem- 
peratures on the order of 300° F. The product, called codi- 
mer, is unsaturated. but when hydrogenated has a clear 
ASTM octane number on the order of 95 and is a very 
acceptable component for aviation gasoline 

Motor Fuel Operation uses for a feed stock mixtures of 
C,’s and C,’s and the operation usually is carried out at 
approximately 375-400° F. The polymer is unsaturated 
and has a clear octane of about 83 ASTM and 96-98 
CFRR, Its blending value, however, is considerably over 
100 by either rating method when the percentage in the 
blend is not more than 10 or 15 percent. 


Typical Catalytic Polymerization Results 


Motor Fuel 
Operation 


90 


Codimer 
Operation 


\ HOT ACID POLYMERIZATION process has been 
developed by the Shell Companies and is available for 
license by Shell Development Company, New York, The 
process produces isooctane from the butylenes present in 
refinery gas. In this process, Figure 4P, both normal 
butylene and isobutylene hydrocarbons react to produce 
isooctenes. The yield of octenes obtained from a typical 
butane-butylene fraction obtained from thermal cracking 
operations is in the order of twice the isobutylene content 
of the feed stock. This is to some degree dependent upon 
the normal butylene-isobutylene ratio in the charge. The 
charge of butane-butylene fraction enters the system con- 
tinuously through the recycling line of the reactor time 
tank. The small fresh acid make-up requirement is also 
added to this recycling line. The mixture of recycled stock, 
fresh acid and butane-butylene fraction goes to a reactor 
cooler and then to a reactor time tank where the polymer 
is produced. The reaction is exothermic. Sufficient cooling 
is provided to maintain a temperature of about 175° F. 
This temperature promotes rapid polymerization so that 
the absorbed butylenes have only a transitory life in the 
acid phase, the polymer being immediately reabsorbed in 
the hydrocarbon phase. Present practice is to use a sul- 
furic acid concentration of approximately 70 percent and 
to provide from 10 to 15 minutes time of contact. 

The reactor effluent flows to a reactor separator where 
most of the acid is removed by gravity separation. 

Hydrocarbon and polymer with the remaining acid flow 
into a final acid settler, The hydrocarbon and polymer 
flow to a debutanizer, where butane and surplus normal 
butylene are removed overhead, and a bottom product, 
crude polymer, is withdrawn. A soda solution is fed to 
this column also to neutralize esters, which may decom- 
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Figure 4P, Hot Acid Polymerization Process 



























































Figure 5P. Sulfuric Acid Alkylation Process 


pose in the reboiler, and to provide the neutralization 
reagent for the hydrolyzing step to follow. 

Soda solution and polymer are mixed with recycle from 
a hydrolyzer time tank and flow through a heater to the 
time tank where entrained acid is neutralized and acid 
sulfates are hydrolyzed with caustic, The caustic-polymer 
mixture passes to a separator, where the spent caustic is re- 
moved. Hydrocarbon and polymer residue are delivered 
to the dimer column. Dimer, the final product, is separated 
from the heavier hydrocarbon and delivered overhead to 
storage. 

Normal butylenes do not polymerize with themselves 
as readily as do isobutylenes, but in the presence of iso- 
butylenes the normal butylenes will react readily to form 
interpolymer and it is for this reason that the yield of 
polymer is equivalent to twice the amount of isobutylene 
present in the charging stock. The interpolymer, passing 
into the hydrocarbon phase as rapidly as it is formed, is 
diluted by the inert butanes. Its activity is thus reduced, 
leaving little opportunity for the formation of trimers or 
rearrangement to polymers of lower octane rating, Con- 
sequently, the polymer formed is about 90 to 95 percent 
octenes. The product obtained upon hydrogenation has 
an octane number averaging between 98 and 99. 

Operating conditions may be adjusted for high poly- 
merization of isobutylene while removing little normal 
butylene, a method useful in preparing feedstocks for 


chemicals processes. 


Catalytic Alkylation 
The ALKYLATION processes of the petroleum industry 


involve the reaction of an isoparaffin (usually isobutane) 
with an olefin (usually butylene, propylene, or amylene) 
to produce a branched chain paraffin hydrocarbon of 
higher molecular weight. The product of reaction, alkylate, 
boils in the gasoline range and has an ASTM octane num- 
ber of 88-95 depending on operating conditions and the 
character of the feed. Alkylates have lead-susceptabilities, 
and high heat-values, and are thus ideal blending com- 
ponents for aviation and motor gasolines. 

In commercial processes the catalyst used is either sul- 
furic acid or hydrofluoric acid, Yields and quality of 
products with either catalyst are of the same order. Dif- 
ferences in equipment costs, operating and maintenance 
costs, catalyst availability, and spent catalyst reuse oppor- 
tunities are the principal factors influencing the choice. 
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The first commercial installations used sulfuric acid cata- 
lyst. Quite a large number of such plants were built in 
the period immediately before the last war and the bulk 
of these continue in operation today. During the war a 
considerable number of alkylation units utilizing hydro- 
fluoric acid catalyst were built. These plants in several 
instances have been abandoned, or the equipment modi- 
fied to other uses. Possibly the main reason for this is 
that many of the units utilized feedstocks available only 
while related cracking units were in severe wartime crack- 
ing operation for the production of maximum aviation gas- 
oline base stock. There were, also, certain difficulties with 
corrosion, especially in valves and pump glands, but 
operating experience with units still in operation now 
indicates that most of the problems have been satisfactorily 
worked out. Presently there is a trend on the part of 
refiners to put idle alkylation units back into service to 
take advantage of market opportunities for high quality 
gasolines, Individual requirements vary widely and the 
economics depend largely on the availability of feed 
stocks at low cost. 

Figure 5P shows a typical ALKYLATION unit using 
SULFURIC ACID CATALYST. This unit was designed 
by The M. W. Kellogg Company, New York, and is licensed 
under patent rights of Texaco Development Corporation, 
Standard Oil Development Company, Shell Development 
Company, and Anglo-Iranian Oil Company, Ltd. 

In this unit the olefin is dissolved in concentrated sul- 
phuric acid and violently agitated with an excess of iso- 
butane at a temperature of 35-45° F. and a pressure several 
pounds above atmospheric. 

The reaction is exothermic, and the heat of reaction is 
removed by auto-refrigeration, as is also the heat im- 
parted by the emulsion pumps. Reactor conditions are 
maintained at the bubble point of the mixture, Sufficient 
hydrocarbon is vaporized to cool the mixture to the con- 
trol temperature. The vaporized hydrocarbon is com- 
pressed, condensed and returned to the system. 

The product of the reaction is separated from acid in 
the center section of the combination reactor-settler and 
after caustic treatment is pumped to the isobutane tower. 

The isobutane overhead from this tower is returned 
to the process while the alkylate bottoms containing any 
normal butane present in the original feed is sent to a 
debutanizer tower where butane is removed as an over- 
head product. The alkylate bottoms usually are separated 
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Service that stands the test of time! That's the 
aim of all of us at the Chattanooga Boiler and 
Tank Company. 


From drawing board...through fabrication 
bays...to completed erection — the skill of 
sincere craftsmen is conscientiously applied to 
do your job right. 


Whatever your storage needs...tanks, pres- 
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Mi: Vernon Extra’s high degree of uniformity means 
more efficient filtering — greater clarification of filtrates — 
more efficient recovery of solids. The rough scrubbing and 
scraping of filter-fabric cleaning is something that Mt. Vernon 
fabrics take in their stride. 


Mt. Vernon Extra filter fabrics are made from top grades of 
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trols to insure a high degree of fabric uniformity. 
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GAS CONVERSION PROCESSES 





in a rerun tower into a light aviation cut and a heavy 
alkylate. 

The lower the temperature at which the reaction is car- 
ried out, the better the quality of the alkylate and the 
lower the acid consumption. On the other hand, below 
35° F. the sulfuric acid-hydrocarbon emulsion tends to 
get so stiff as to make operations difficult. 

The lower the concentration of olefin is kept at any time, 
the lower is the tendency toward polymerization and the 
higher the tendency toward alkylation, This is effected by 
circulating large volumes of emulsion as compared with 
the amount of material in the reactor. and controlling the 
addition of olefins so as to maintain this low concentra- 
tion 

Normal butane does not enter into the reaction and is 
a harmful diluent in the sense that it reduces the chances 
for contact between the isobutane and the olefin-bearing 
acid. It is, therefore, advisable to keep the isobutane con- 
centration in the reactor as high as possible. 

While 98 strength of the acid usually 
added to the process, the important factor is the average 
In the case 


percent ts the 


strength of the acid contained in the reactor 


Typical H,S0, Alkylation Results 


Butylenes Propylene Amylenes 


of butylenes and propylenes, this strength should not be 
less than 90 percent. In the case of amylenes, the acid 
strength can drop to 85 percent without seriously affect- 
ing the quality of the alkylate. 

Most of the alkylation units in this country were de- 
signed for operation on butylenes but today many units 
are operating on propylenes. Butylenes give the best prod- 
uct quality and the lowest acid consumption. The same 
units also can be used for alkylating amylenes. 

Because the sulfuric acid is of high concentration and 
the plants are operated at below atmospheric tempera- 
ture, corrosion is negligible and steel equipment can be 
used throughout. 

An ALKYLATION process using HYDROFLUORIC 
ACID CATALYST is licensed by Phillips Petroleum Com- 
pany, Perco Division, Bartlesville, Okla. In a typical unit, 
Figure 6P, the liquid olefin-containing feed and _iso- 
butane are fed into the bottom of a mechanically-agitated 
reactor while liquid hydrofluoric acid catalyst is fed into 
the top. After intimate contacting in the reactor, the hydro- 
carbon and acid are separated in a settler, Acid is recycled 
to the contractor and the hydrocarbon is purified and 
separated by fractionation and other means. 

The process is operated at ordinary atmospheric tem 
peratures and at sufficient pressure to keep the hydrocar- 
bon mixture liquid. The acid-hydrocarbon ratio most fre- 
quently used is in the neighborhood of 1:1. A large excess 
of isobutane is used over that required for reaction with 


the olefin. External isobutane-to-olefin ratios from 4 to | 


up to 12 to 1 have been used. The acid strength normally 
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Figure 6P. Hydrofluoric Acid Alkylation Process 
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is maintained in the range of 85-95 percent hydrofluoric 
acid, 

Several subsidiary operations are necessary to the proc- 
ess. The hydrofluoric acid catalyst is continuously puri- 
fied by fractionation of a small portion of the circulating 
stream in an acid rerun unit as shown in the diagram. 
The hydrocarbon effluent is first treated to remove dis- 
solved acid by fractionation in the azeotropic tower. The 
excess isobutane is removed by fractionation in a deiso- 
butanizer, and the isobutane is separated from propane 
in a depropanizer before being recycled to the contactors. 


Typical Operation of HF Alkylation Unit 


Bbi. per Day 
Propylene 89 


Butylene R89 
Amylenes 246 


Charge to Unit: 





Total Olefins 1,224 


Saturated Hydrocarbons* 


3,086 
10,300 


Total Feed 


Recycle Isobutane, Bb!l. per Calendar Dayt 


Yields Bbl. per Day 





2.070 

134 

190 

344 

106 

20 

bbl. per bbl. Olef 1.7 

ane consumption, bbl. per bbl. Olefir 
Operating Conditions 
sobutane-Olefin ratio ‘exterr 


Typical Properties of HF Alkylate 


| Depentanized| 
| Aviation 
Alkylate 


Heavy 
Alkylate 





t API 
ASTM Distillation, °F 
PB 


The deisobutanizer bottoms, containing all hydrocarbons 
heavier than isobutane, are catalytically defluorinated 
before being further fractionated. The fractionation steps 
following are dependent on the nature of the products 
desired from the process, In the flow sheet shown, normal 
butane, iso- and normal-pentane, aviation and heavy alky- 
late are all separated by fractionation. 

Experience with operating units and further process 
development suggest certain modifications to be considered 
for units designed for peacetime motor and aviation fuel 
production. Combination of the main azeotropic frac- 
tionation step with the deisobutanizing step, one frac- 
tionator serving both functions, is one possibility. A small 
azeo tower could be used on a bleed stream to a depro- 
panization step, This change would result in savings in 
capital investment, utilities, and in maintenance. 

Simplification of the acid-rerun equipment by use of a 
single column, acid-soluble oil and water being removed 
at the bottom of this column together, and by the use of a 
higher column pressure to eliminate the necessity of over- 
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head-product pumps might give savings in maintenance. 

In production of alkylate for motor-fuel blending, the 
fractionation of aviation alkylate from heavy alkylate 
could be eliminated in most cases with further savings in 
utilities and in capital investrient for @new plant. 

The PARAFFIN ALKYLATION process units licensed 
through Universal Oil Products Company, Chicago, utilize 
either hydrofluoric acid or sulfuric acid as the catalyst. 

When isobutane is alkylated with butylenes, the volume 
of isobutane should be approximately 20 percent greater 
than the volume of olefin, yielding 160 percent by volume 
of rerun alkylate. The yield of alkylate and the consump- 
tion of isobutane will vary slightly, depending on operat- 
ing conditions and the olefin charged. 

Since the acid catalyst in service becomes contaminated 
with dissolved tars, it is necessary to continuously replace 
a portion of the acid catalyst with fresh material to main- 
tain a desired level of acidity. When sulfuric acid is used 
as the catalyst the acid strength is maintained by intro- 
ducing fresh high strength acid and discarding spent acid, 
which can be used for other operations in the refinery 
such as gasoline treating. Hydrogen fluoride can be puri- 
fied by a distillation step to effect the separation from the 
heavy hydrocarbon contaminants. The hydrofluoric acid 
purification is carried out on a continuous basis, returning 
the purified acid to the reaction zone to maintain the de- 
sired acid strength. 


Catalytic Alkylation—Typical Results 


Butylenes Amylenes 
rom from 
Catalytic Catalytic 


FEED STOCKS Cracking 


Propylene 





Operating Conditions 
Isobutane-Olefin Ratio 
HF 


Reaction Temp.—°F. | H2S80« 
Acid-Hydrocarbon Ratio 
Acid Strength 
Product Quality: 
Octane Number ASTM Clear 
>p 
RVP 
Conversion Factors: 
Vol. 350° EP Alky./Vol. Olefins 
Vol. 350° EP Alky./Vol. Isobutane 


Catalyst Consamption: 
Using HF as catalyst*—Gallons Alkylate 


60-100 60-100 


Acid 
Using H2S04 as Catalyst—Gallons Alkylate ‘Il 
ch 


* One plant operating at 5000 barrels or more per stream day, has 
averaged 168 gallons of alkylate per pound of acid for an entire 
ear’s operation 
Isomerization 

The greatly expanded alkylation capacity, brought about 
by the wartime demand for high-octane aviation gasoline, 
has been largely maintained in operation to meet peace- 
time upgrading of the octane number of motor fuels. This 
postwar production of alkylate requires a high consump- 
tion of isobutane, used in its manufacture, which in many 
refineries is greater than the amount normally available 
from natural gasoline and peacetime cracking operations. 
In many naturally occurring mixtures of butanes, or syn- 
thetically prepared cuts of butylenes and butanes, the 
proportion of normal butane is greater than that of isobu- 
tane. A typical analysis of a C, cut from reforming opera- 
tions is as follows: 

Percent 

by Weight 
Isobutylene : . 7 20.0 
Normal butylenes ; 27.0 
Isobutane 18.5 
Normal butane 34.5 


100.0 
Such a mixture is not suitable as the sole charge stock 
for alkylation operations as it is deficient in isobutane. 
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The Ethyl Technical Man brings the refiner 


26 YEARS OF RESEARCH EXPERIENCE 


-— ENTY-SIX YEARS of extensive fuel-engine research 

work at Ethyl have built up vast files of basic in- 
formation on fuels and engines. These are being con- 
tinuously expanded by the addition of results from 
current programs. Making this material useful to oil 
companies is the full-time work of a staff of Ethyl 
Technical Representatives 

The dual function of this group is 


1. To interpret Ethyl’s accumulated technical in- 
formation in the light of each refiner’s specific 
problems, as an aid to the economical production 
of satisfactory fuels for today’s and tomorrow’s 
engines. 

2. To keep the Ethyl! Laboratories informed on the 
problems and technical interests of the oil com- 
panies as a guide to the formulation of Ethyl’s 
research objectives and programs. 
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The technical information in the files of the Labora- 
tories covers a wide range of subjects related to the 
problems of refining and use of gasoline, such as: the 
properties and performance of pure hydrocarbons, 
knock testing methods and equipment, economic 
utilization of “Ethyl” antiknock compound, octane 
number requirement of engines, “‘wild ping,’’ engine 
cleanliness, crankcase lubricants and their additives, 
and research procedures and instruments. More im- 
portant, however, than the knowledge accumulated 
on individual subjects is the understanding that has 
been acquired of the many complicated inter-relation- 
ships of engines, fuels, and lubricants. 

Ethyl Technical Representatives have all had long 
experience in the Research Laboratories and have 
helped to develop the information which they now 
make available to refiners. All the extensive tech- 
nical data kept in the Ethy! research files, and all the 
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Charlie Kass, Technical Representative, studies data from a current research 
project. Like all Ethyl Technical Men he has extensive experience in engine- 
fuel research at Ethyl. 


results of current research programs are available to 
these technical representatives. Because they are so 
thoroughly informed on Ethyl’s research activities, 
they are able to be of maximum help to refiners in 
connection with problems related to the utilization of 
gasoline in engines. If a refiner’s particular problem 
makes desirable a discussion between one or more of 
his specialists and Ethyl Research specialists in the 
same field, the Technical Representative can arrange 
such a meeting. 
Engine-fuel problems are complicated by a variety 
of factors: (1) introduction of engines of new design, 
2) increase in the antiknock requirements of engines, 
3) changes in the relative demand for different types 
of petroleum products, and (4) the development of 
new refining processes. In fact, the oil refiner may be 
faced today with problems which are entirely different 
from those faced yesterday. Products which satisfied 
yesterday’s engine requirements may now be inade- 
quate, and similarly, processes which economically 
produced acceptable fuels yesterday may now be 
wholly or partially obsolete. 
The wide experience of Ethyl Technical Repre- 
sentatives and their familiarity with Ethyl’s research 


programs contribute to the accomplishment of one of 


Gil Way, another Ethy! Technical Representative discusses a new h'gh 
compression fuel test engine with a customer at Ethyl’s San Bernardino, 
Calil., laboratory. 


Ethyl’s most important research objectives— 


developing and distributing information to 
assist refiners in the economical production of 
satisfactory gasoline. 


This message is the seventeenth in a series dealing with 
problems faced by refiners in producing gasoline for 
today’s and tomorrow’s engines, and the contribution 
of the Ethyl Corporation to their solution. Future mes- 
sages will discuss other phases of these complex 


problems. 
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Cleanliness ratings of engine parts in a crankcase oil research project are 
reviewed by Dick Sneed, Technical Representative, prior to discussing 
results with an oil refiner. 
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However, if normal butane, which usually is discarded 
from the operation, is taken as charge stock for an iso- 
merization unit, the requisite quantity of isobutane will 
be formed for charging to an alkylation unit. Some of 
the normal butane charged to the isomerization unit is 
unconverted and accompanies the isobutane. The uncon- 
verted normal butane is segregated in the fractionation sec- 
tion of the alkylation plant, and recycled to the isomeriza- 
tion unit until conversion is completed, thus eliminating 
or materially reducing the necessity for obtaining natural 
isobutane. A number of isomerization processes are utilized 
commercially for this purpose. 

The BUTANE ISOMERIZATION process licensed by 
Shell Development Company, New York, is shown in 
Figure 7P, The process consists of passing normal butane 
in vapor form, at a moderate temperature, through from 
one to several parallel reactors, each containing a granular 
bed of catalyst, a constituent of which is aluminum chlo- 
ride. Dry hydrogen chloride gas is incorporated with the 
butane vapors to act as a catalyst promoter. The construc- 
tion of the reactors may provide for a single catalyst bed, 
or may be of a heat-exchanger type with the catalyst placed 
in tubes surrounded by circulating cooling liquid. 

The reactor effluent flows to a receiver through a cooler 
and a refrigerated condenser which condenses all the bu- 
tanes, the hydrogen chloride going into solution, A small 
amount of uncondensable gas is vented from the receiver 
after being scrubbed with product recycle to recover hydro- 
gen chloride. The condensate is charged to an HC] strip- 
ping column which effects substantially complete removal 
of recycle hydrogen chloride gas. In typical units the 
thydrocarbon charge is pumped through a drying step 
which extracts moisture. The feed is completely vaporized 
to flow to the reactors; each individual stream receives 
its correct amount of hydrogen chloride recycle gas. 

The vapors pass through the catalyst beds and flow 
through condensers. Condensate is run.to a receiver from 
which it is pumped to the HCI stripping column, Butanes. 
substantially free of hydrogen chloride, flow from the 
base of the column, while vapors, consisting largely of 
hydrogen chloride, are recycled to the reactors. Traces 
of hydrogen chloride in the isomerized products are re- 
Moved by caustic scrubbing. 

No special materials are required for the construction 
of the plant since dry hydrogen chloride, under the condi- 
tions prevailing in the process, is not corrosive. 

The catalyst, developed specially for the purpose, is 
rugged, cheaply produced, and has long life; these factors 
combined make its regeneration unnecessary The catalyst 
is resistant to poisons, but it is necessary to reduce the 
proportion of olefins and pentanes in the charge stock 
to a low figure, as both of these produce objectionable 
by products und tend to shorten the life of the catalyst. 

An ISOMERIZATION proce design of the Universal 
Oil Products Company, Chicago, has been used extensively 
for the isomerization of normal butane to isobutane, and 
is also applicable for the isomerization of normal pentane 
and hexane fractions for improvement of the octane num- 
ber of these fractions 

The process, Figure 8P 
dry feed with a catalyst which contains aluminum chloride 
and hydrogen chloride. The catalyst 
quartz chips packing in the vessel and the ac 
tivity of the catalyst is maintained at the desired level 
by the continuous introduction of fresh aluminum chloride 
dissolved in a portion of the liquid charge. Anhydrous 
hydrogen chloride is used as a promoter for the reaction 


i volves the contacting of 1 


s deposited on the 


reaction 


and is recycled within the system to maintain the required 
concentration in the reaction zone. 

The liquid hydrocarbon and chemicals composing the 
combined feed are contacted in the reaction zone. In the 
reaction a viscous liquid sludge containing dissolved alu- 
minum chloride and hydrogen chloride is formed and 
spreads over the packing surfaces. The sludge continuously 
drains from the packing and separates from the butane 
stream in the bottom section of the reactor. It is drawn 
off intermittently to a neutralizing pit. Hydrocarbon efflu- 
ent from the reaction zone, contains dissolved aluminum 
chloride and hydrogen chloride. 

The isomerization reaction is slightly exothermic. Heat 
generated is absorbed by the vaporization of some of the 
liquid passing through the reactor, and as a result the 
reaction is essentially isothermal. The process is operated 
at pressures in the order of 250-350 psi, and temperatures 
of 190° to 220° F. 

The reactor effluent is fed to an aluminum chloride 
separation column where the net hydrocarbon product, 
together with recycled hydrogen chloride is separated 
from the aluminum chloride which is concentrated in the 
bottoms stream from the column, consisting mainly of 
pentanes and normal butane. 

The hot stream from the bottom of the aluminum chlo- 
ride column containing between 1 and 3 pounds of alu- 
minum chloride per barrel is returned to the top of the 
reaction vessel, Recycling makes it possible to maintain 
a high concentration of aluminum chloride in the reactor, 
which could not otherwise be possible without excessive 
chemical consumption. A small portion of the bottoms 
stream from the aluminum chloride column is withdrawn 
to a caustic wash tower to reject continuously the small 
amount of pentanes formed in the process, which other- 
wise would build up in the system. 

Overhead from the aluminum chloride column is fed 


Typical Isomerization Results 


Normal B » @ and H Feeds 





Hexane 
Fraction 





TYPE OF FEED 


| n- Butane | e-Pestase 


Operating Conditions 


Reactor Temperature, °F 180 


250 
7-10 


190 
250 


essure, pai 
7-10 


teactor Pr « 
HC! in Reactor Feed Mol., Percent 


Product Analyses 
Isobutane 5O 
Normal Butane 48 
lsopentane 
n-Pentane > 2 
Hexane and Heavier 


Octane Ratings 
feed ASTM ON. Clear 
Product ASTM O.N. Clear 
3 ce TEL/gal 





Catalyst Consumption 
be. AlCla bbl. iCs 
Lbs. HCI/bbi. iC« 


r iCs produced 
r iCs produced 


to a conventional HC] stripper to separate the net plant 
product. The HCl from the top of the stripper is recycled 
to the reactor. The bottoms product stream is caustic 
washed remove of hydrogen chloride before 
leaving the unit. 

The isomerization of pentanes or hexanes is carried out 
in substantially the same manner as that described for 
the processing of normal butane with the exception that 
in the processing of these heavier materials there is a 
greater tendency for the formation of sludge, and this 
must be counteracted by the injection of an inhibitor which 
serves to suppress secondary sludge-forming reactions. 


to traces 
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Figure 7P. Butane Isomerization Process 


LIQUID-PHASE ISOMERIZATION process for either 


butane or pentane is licensed by Shell Development Com- 
pany, New York. Merits claimed for the process include 
high conversion per pass, low catalyst consumption, high 
ultimate yields of the desired isoparaffins, constant oper- 
ating conditions, continuous catalyst make-up and spent 
catalyst rejection, high tolerance for feed impurities, and 
standard fabricating methods for plant construction. 

The process, Figure 9P, consists of contacting n-butane 
or n-pentane in the liquid state with a catalyst comprising 
a solution of aluminum chloride in molten antimony tri- 
chloride. Dry hydrogen chloride gas is introduced into 
the feed hydrocarbon as catalyst promoter. In addition, 
when the process is utilized for pentane isomerization, 
hydrogen is introduced along with the hydrogen chloride 
to suppress disproportionation reactions which, if not 
controlled, would result in a low ultimate yield of isopen- 
tane and high catalyst consumption. The same plant can 
be employed for processing either hydrocarbon by in- 
cluding a compressor to recycle the hydrogen required in 
the case of pentane isomerization, If a source of hydrogen 
at the desired pressure is available for use on a once- 
through basis, the compressor can be eliminated. 

The normal liquid paraffin (butane or pentane) is 
charged continuously at essentially atmospheric tempera- 
ture through one of two feed dryers, which are used alter- 
nately and regenerated periodically, through a heater 
where the temperature is raised to about 180° F., thence 
through a packed catalyst scrubber column and into the 
contactor. A liquid-liquid extraction of a small side- 
stream of the contactor catalyst with the feed takes place 
in the scrubber, The valuable active catalyst components 
pass back to the contactor in solution while the fluid inac- 
tive AICI, hydrocarbon complex, which forms as a conse- 
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quence of the small amount of side reactions, runs to the 
bottom of the column and is periodically drained off. 

The contactor is a vertical autoclave equipped with a 
mixing device to provide intimate contacting of catalyst 
and hydrocarbon, A relatively short residence time, of the 
order of 10-15 minutes, in the contactor is sufficient to 
achieve a high conversion; 50 percent or better for butane 
and 55-60 percent for pentane. After phase separation of 
isomerizate from catalyst in the baffled upper settling sec- 
tion of the contactor, the isomerizate flows to the catalyst- 
removal column for separation of the dissolved catalyst 
by a simple fractionation. This recovered catalyst is 
pumped back to the contactor while the isomerizate is 
taken overhead, cooled, and passed to the accumulator 
from which it is pumped to the HCI stripper where the 
acid gas is removed and recycled to the contactor. The 
stripper bottoms are essentially free of HCl and after 
a caustic wash pass to subsequent operations, 

In pentane isomerization the bulk of the hydrogen is 
recycled from the vapor phase of the catalyst column 








Figure 8P. UOP Paraffin Isomerization Process 
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Figure 9P. Liquid Phase 


accumulator, however, some passes in solution to the 
HC] stripper and is recycled with the HC]. 

The small amount of uncondensable gas that is formed 
is vented from the vapor phase of the catalyst column 
accumulator through a scrubber, counter-current to a 
stream of HCl stripper bottoms which reabsorb HC] and 
reduce its loss to a minimum. 

Constant high conversion is achieved by the continuous 
femoval of spent AICI, complex and regeneration of the 
Gontactor catalyst with fresh aluminum chloride. To ac- 
Gomplish the AICI, addition a small portion of the bot- 
toms from the catalyst removal column, which contain 
@nly a small amount of AICI,, is pumped through one 
af two AICI, saturator vessels, filled with lump AICI,, 
before it is returned to the contactor. Since the AIC], con- 
sumption in the process is quite low, this procedure serves 
to maintain the required concentration. 

Since the catalyst is solid at atmospheric temperatures, 
lines carrying it are heat traced. Above its melting point, 
165° F., the catalyst is quite fluid and easily transferred 
by pumping. All major pieces of equipment are of steel 
except those handling the catalyst which are nickel-clad. 
The temperatures of operation are moderate. The highest 
pressure necessary (HCI stripper) is around 325 psig. 

The ISOPENTANE process, licensed through Standard 
Oil Company method for iso 
merizing normal isopentane, In this 
the catalyst is a liquid aluminum chloride-hydrocarbon 


(Indiana) Chicago, is a 


pentane to process 


complex promoted with anhydrous hydrogen chloride 
Cracking and disproportionation are suppressed by in- 
clusion of a small amount of benzene in the feed to the 
From about 0.3 to 1.3 weight-percent 
based on charge is sufficient to inhibit cracking and to 


isomerization unit 


maintain the catalyst activity. Conversion is accomplished 


by passing the hydrocarbon solution of hydrogen chloride 


Isomerization Process 


in a dispersed phase upward through the catalyst com- 
plex. Suitable operating conditions for pentane isomeriza- 
tion include a reactor temperature of 195-225° F. and a 
reactor pressure of 275-325 pounds per square inch. 

The use of benzene to replace hydrogen as a cracking 
inhibitor permits operation at a lower pressure and effects 
a considerable reduction in initial investment, The process 
is characterized by high yields and low catalyst consump- 
tion. 

An installation can with little change be used for 
isomerization of normal butane. In such operations, a 
cracking inhibitor is unnecessary. 

The process usually is operated on a recycle basis. An 
installation, Figure 10P, at the Texas City refinery of 
Pan American Refining Corporation operates in conjunc- 
tion with an alkylation unit. Deisobutanized alkylate is 
charged to a depentanizer. The pentanes are taken over- 
head and subsequently split in an isopentane tower. The 
feed-preparation towers also are used for product frac- 
tionation. 

Hydrogen chloride from the hydrogen chloride stripper 
and a small amount of benzene are added to the normal 
pentane, and the solution is introduced through a distribu- 
tor at the bottom of a column of aluminum chloride-hydro- 
carbon complex. The pentane isomate passes overhead 
hot and settles for entrained catalyst recovery. Hydrogen 
chloride not flashed off in the cold settler is stripped from 
the product in the hydrogen chloride stripper, and re- 
cycled to the reactor. The isomerized pentane then is 
cooled and washed successively with caustic and water to 
remove the last traces of catalyst and hydrogen chloride 

Since the equilibrium is favorable to high once-through 
conversion, it is not always necessary to fractionate the 
product. 

{ modification of this process can be used for the iso- 
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Figure 10P. Pentane Isomerization Processes 


merization of normal butane to isobutane. Butane is dried 
and introduced into the top of a hydrogen chloride ab- 
sorption system. The normal butane solution of hydrogen 
chloride is passed upwardly through the aluminum chlo- 
ride-hydrocarbon complex catalyst in the absence of added 
cracking inhibitors, The temperature and pressure used 
in the butane isomerization process are 210° F. and 400 
pounds per square inch. The isomerized butane passes 
through settlers for the removal of traces of catalyst and 
thence to a hydrogen chloride stripper. The hydrogen 
chloride is removed overhead and recycled to the hydrogen 
chloride absorber. The stripped butane is caustic-washed 
and passed to a debutanizer, which may be that connected 
with the alkylation unit operating on the isobutane pro- 
duced. The butane from the debutanizer passes to a butane 
splitter, the isobutane going overhead to an alkylation unit 





or storage, and the normal butane being recycled to the 
isomerization system. 

The ISOMATE process, available for license through 
Standard Oil Company (Indiana), Figure 11P, is a method 
for converting low-octane number pentanes and hexanes 
into isomers of higher octane numbers and is licensed 
by Standard Oil Company (Indiana), Chicago. Liquid 
aluminum chloride-hydrocarbon complex promoted with 
anhydrous hydrogen chloride is used as a catalyst. Hydro- 
gen is added to repress cracking and disproportionation 
and to maintain high catalyst activity. Conversion is ac- 
complished by passing the liquid hydrocarbon charge in 
a dispersed phase upwardly through the catalyst complex. 
The preferred operating conditions are 240-250° F, and 
700-800 pounds per square inch. Suitable charging stocks 
for the Isomate Process are light, straight-run naphthas 


Jsomate 


OEPENTANIZER 


end Meavre” 


Figure 11P. lsomate Process. Reaction Section, left; Fractionation Section, right 
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containing pentanes and hexanes and but little heavier 
hydrocarbons. 

In addition to handling mixtures of pentanes and 
hexanes, the process is applicable for the isomerization 
either of pentanes alone or hexanes alone if the refinery 
situation indicates such operations to be desirable. 

When charging a mixture of pentanes and hexanes, the 
process can be operated on a once-through basis to manu- 
facture a product of 80 unleaded CFR-M octane number. 
Exceptionally high liquid yields, in the order of 100 
volume-percent on charge, can be obtained in this type 
of operation. By fractionating the once-through isomate 
and recycling the low-octane-number pentanes and hexanes 
to the reaction zone, the quatity of the product can be 
raised to 91 unleaded CFR-M octane number with but a 
slight sacrifice in yield. When recycling is employed with 
a charge stock consisting primarily of paraffinic hexanes, 
the principal product is neohexane. The isomate product 
can be debutanized for blending into aviation fuel or 
blended directly into motor fuel. 

Products from the process are primarily of interest as 
blending stocks for high-octane aviation fuels. The process 
is also suitable for improving the octane number of light 
straight-run naphthas for motor fuels where low-octane- 
number charging stocks such as normal pentane and 
normal hexane are available, or where octane ratings must 
be increased beyond levels attainable with existing equip- 
ment, 

Dehydrogenation 


Dehydrogenation, broadly speaking, covers the removal 
‘of hydrogen from hydrocarbons to produce less saturated 
hydrocarbons. Such hydrocarbons, depending upon the 
degree of unsaturation, are useful in the production of 
motor fuels and basic materials in the synthesis of rubber. 
resins and various chemicals. 

4 CATALYTIC DEHYDROGENATION process design 
of Universal Oil Products Company, Chicago, is shown 
in Figure 12P. The process produces large yields of buty- 
lene. 

The reaction is carried out in tubes containing catalyst 
&t temperatures ranging from 1000° F. to 1100° F. and 
Pressures ranging from 10 to 50 psi. 

Dry normal butane charge is heated to reaction tempera- 
ture and introduced into the catalyst zone where it under- 
goes dehydrogenation, drawing the required heat of reac 
tion from an external circulating flue gas system. 

The material leaving the catalyst tubes is composed of 
butylene, hydrogen, and small per- 
light such as methane, ethane. 


unreacted butane, 
other 


gases 


centage of 


ethylene, propane, and propylene. It passes through the 
butane charge heat exchanger into a gas scrubber where 
it is cooled by a circulating oil stream and washed free of 
any entrained tar or coke. The gas then is compressed to 
100-150 psi., and discharged to the gas recovery system 
for separation of the butane-butylene fraction from the 
hydrogen and light gases. 

Carbon is produced which deposits on the catalyst and 
reduces its activity. It must be periodically burned off by 
circulating oxygen-containing flue gas over the catalyst. 

The commercial dehydrogenation of normal butane is 
usually at a conversion of about 30 percent per pass in a 
recycle operation. The ultimate yield of butylene is 75 to 
80 barrels per 100 barrels of butane converted. In prac- 
tice, the butane-butylene fraction usually has been fed to 
an alkylation or a polymerization unit. Unreacted butane 
is recovered for recycling. 

The DEHYDROGENATION process licensed by 
Houdry Process Corporation, Philadelphia, employs the 
“adiabatic” principle, eliminating heat exchange within 
the reactor, resulting in simplification of equipment. It is 
applicable to the production of mono-olefins and di-olefins 
from their corresponding paraffins, di-olefins from mono- 
olefins or from mixtures of paraffins and mono-olefins 
and aromatics with unsaturated side chain from alkyl- 
aromatics. 

Preheated hydrocarbon vapors under controlled condi- 
tions of space velocity, temperature, and pressure are 
passed over catalysts of suitable composition and con- 
trolled activity. A large amount of heat is absorbed due 
to the endothermic heat of reaction. Dehydrogenation 
products, free hydrogen, and a small amount of fixed 
gas is produced and coke is deposited on the catalyst. 
This coke is burned periodically to restore catalyst 
activity, 

The characteristic feature of the process is that the 
operating conditions are so chosen that the heat used for 
the reaction is substantially balanced by the heat devel- 
oped from the combustion of the coke deposit. The heat 
capacity of the catalyst bed is controlled by mixing with 
the active catalyst an inert material of granular form 
having high density and high specific heat. This material 
acts as a heat-storage medium, absorbing, during the 
regeneration cycle, the heat of combustion of the coke 
deposit with a resultant increase in temperature and 
releasing this heat during the reaction period with corre- 
sponding temperature decrease. A combination of short 
on-stream periods and high heat capacity of the catalyst 
a narrow range of temperature necessary 
Adjustments in 


mass assures 
for optimum conversion and selectivity. 
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Figure 12P. Catalytic Dehydrogenation Process 
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the desired temperature levels are obtained by variation 
of hydrocarbon and air inlet temperatures. 

Reactors are arranged in groups of three. In a three- 
reactor group one reactor receives hydrocarbons while the 
second receives air and the third undergoes valve changes 
and purging operations. By these means, continuous flow 
of air and hydrocarbons is achieved. 

The products of reaction are cooled, separated from 
the fixed gases and purified in equipment of conventional 
design. 

Hydrogenation 

High-pressure HYDROGENATION for oil processing 
and the methane-steam “tube” method for manufacture of 
hydrogen were developed in the United States by Standard 
Oil Development Company, Licensing is available through 
this company. Hydrogenatic: has been used in manufac- 
ture of aviation base stock and motor gasoline from gas 
oils, high-grade diesel fuels from low-quality gas oils. 
water-white paraffinic kerosenes from inferior-quality dis- 
tillates, and high-viscosity-index lubricating oils from 
poor-quality lubricating distillates, Hydrogenation plants 
can be used for desulfurization of high-sulfur fuels, and 
for saturation of catalytically cracked cycle stocks to 
permit their recycle cracking to ultimate high production 
of catalytic gasoline. 

In this HYDROGENATION process, the charging stock. 
together with sufficient hydrogen, is pumped into a reac- 
tion vessel containing catalyst. At the desired temperature 
and at about 3000 psi. the reaction takes place. The 
“tube” method for hydrogen manufacture and the hydro- 
genation step proper are outlined in Figure 13P. Hydro- 
gen is advantageously made by the treatment of hydro- 
carbons with steam in accordance with the following 
reactions: CH, + H,O ~ CO + 3H,, and CO+ H,O-> 
co, + H,. 

The first step is carried out in a reforming furnace, 
using catalyst in tubes through which reaction heat is 
supplied. The second, “conversion,” step also uses cata- 
lyst, but does not require heating. After cooling, the 
carbon dioxide is scrubbed out, leaving hydrogen of about 
95 percent purity. 

Oil and compressed hydrogen are mixed, heated, and 
delivered into a reaction vessel containing catalyst. From 
the reaction chamber the products and gases pass through 
the heat exchangers and coolers to a high-pressure sepa- 
rator where the liquid product is separated from the un- 
consumed hydrogen and other gases. The liquid product 
is reduced to atmospheric pressure and sent to storage. 

Gas formed in the process ordinarily is removed in 
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Figure 14P. Low Pressure Hydrogenation Process 
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Figure 13P. High Pressure Hydrogenation Process 


the liquid product owing to its solubility at the high 
pressure, Such gases as are not removed in this manner 
may, if necessary, be taken out by scrubbing the recycle 
hydrogen with oil under pressure. Unconsumed hydrogen 
separated under high pressure’ from the liquid product is 
recycled by a booster compressor. 

No coke is formed in high-pressure hydrogenation, and 
the catalysts employed are rugged. The process is con- 
tinuous. Runs of more than a year’s duration have been 
made on full-scale units, and total catalyst life of several 
years has been obtained. Hydrogen manufacture catalysts 
are also rugged and regularly maintain satisfactory activ- 
ity for a number of years, so that only occasional small 
make-up is required. 

The data shown on the flow plan cover a typical 
operation for converting isooctenes to isooctanes, for the 
production of aviation blending stock. 

A CATALYTIC HYDROGENATION process developed 
by the Shell Companies and available for license through 
Shell Development Company has been used successfully 
for several years for hydrogenation of octenes produced 
by polymerization of butylenes. The process operates at 
very mild conditions of temperature and pressure, effect- 
ing substantially complete hydrogenation and producing 
fuels low in acid-heat number suitable for manufacture 
of high-octane aviation gasoline. Mild conditions are made 
possible by the use of a nickel catalyst supported on 
porcelain. 

The flow diagram, Figure 14P, is a typical catalytic 
hydrogenation unit embodying four converters with two 
guard chambers. Subsequent to heat exchange with the 
eflluent from the converters, the feed is vaporized, then is 
combined with the pretreated hydrogen stream and enters 
the guard tubes in which partially spent catalyst is utilized 
to remove possible converter catalyst poisons, The pre- 
treated feed then flows to the converters. The catalyst in 
the converters effects essentially complete hydrogenation 
and the resultant octane fraction, which is predominantly 
isooctane, exchanges heat with the feed and flows to 
storage. 

When the activity of the catalyst decreases to a certain 
point, it is reactivated in place. The hydrogen provided 
for the reaction in excess of requirements is recycled from 
the octane receiver to the converter, with the exception 
of a small xhaust gas stream, Octane volumetric yield is 
104 percent of the octene charge. 
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DUNCAN, OKLA., REFINERY 


Many of the nation’s finest refineries, gaso- 
line plants, chemical processing plants and 
pipelines depend on Western heat exchang- 
er’s economical, uninterrupted service. The 
flexibility of Western’s engineering and manu- 
facturing skill deserves your consideration. 
Write for complete information. 


See Western's catalog pages in the current issues 
of Chemical Engineering Catalog, Refinery Catalog, 
and Thomas Register. 
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LIGHT HYDROCARBON RECOVERY AND SEPARATION PROCESSES 





Wenz the distillation of crude oil is the basic and 
most important refinery process, the secondary processes 
involving distillation or fractionation of light hydrocar- 
bons, liquids and gases certainly are an essential part of 
the modern refinery operations. 

Early refinery operators depended on the weathering of 
gasoline in atmospheric storage to meet volatility require- 
ments. In topping operations the gas yield was low enough 
so that no real difficulties were met with these methods. 
As the cracking operation came into use, gas yields went 
up sharply, and refiners needed better gasoline fractiona- 
tion methods, The gasoline stabilizer, first developed and 
placed in general use by the operators of natural gasoline 
plants, was adopted by the refineries. 

Later, as light hydrocarbons became more valuable, the 
refiners borrowed further from natural gasoline plant 
practice, and installed absorbers for the recovery of their 
butanes and heavier hydrocarbon vapors, lighter compo- 
nents being used as fuel gases. This pattern of refinery 
adoption of natural gasoline methods continued as the 
refineries developed and expanded their gas processing 
facilities. 

Modern refineries now recover all components of their 
light hydrocarbon gases that they can profitably utilize. 
In addition to fractionators used for the setting of gaso- 
line volatility, most plants are equipped for the recovery 
of substantially all of their butanes and butylenes for 
volatility blending, LPG sales, and often for conversion to 
gasoline boiling range products. Propylenes are also com- 
monly recovered and converted, 

Many refiners have developed either process uses or 
outside chemicals manufacturing markets for their ethane- 
ethylene cuts. Thus the light hydrocarbon processing sec- 
tion has become an extensive part of most refineries—and 
one which uses equipment much like that found in modern 
gasoline plants. To balance the comparison, there is pres- 
ently a trend for the natural gasoline plants to adopt 


certain of the refinery conversion processes to the making 
of motor fuels from their heavier distillate liquids. 


Natural Gasoline Plant Processes 


The processing of natural gas to recover liquid hydro- 
carbons has developed in the past 40-odd years into an 
important factor in the nation’s fuel economy. 

Primarily, the early plants were built for the recovery 
of gasoline. As markets opened, methods were developed 
to increase the recovery of butane. Plants now recover 
substantially all the butane in the feed streams. The de- 
mand for propane in the last few years has resulted in 
further increases in gasoline plant extraction levels, so 
that presently 80 to 85 percent propane recovery is not 
unusual. The trend is to higher recovery and operators 
are at least interested in possible markets for ethane. 

The COMPRESSION Process of extracting gasoline 
from casinghead gas was the first to be placed in commer- 
cial use. A plant was built in West Virginia about 1911 
and a second about the same time in Oklahoma. Gas to 
the early plants was received at low pressure from oil 
wells—in some cases under vacuum ranging as high as 26 
inches of mercury—led through scrubbers and compressed 
through several stages. Atmospheric cooling between com- 
pression stages and after compression resulted in conden- 
sation of the gasoline from the gas. The inlet portion of 
Figure 1-G, from the “field scrubber” through the “charge 
residue scrubber” illustrates this method of extraction. 
Many of the early plants purchased naphtha to blend with 
the raw gosoline in the condensers of the lasi stage of 
compression, This was termed “hot blending.” The blend 
was “weathered”—a term describing the loss by vaporiza- 
tion of the lighter components of natural gasoline while it 
was held in storage under atmospheric conditions of tem- 
perature and pressure—and further mixed with naphtha 
to produce a commercial gasoline having an initial boiling 
point of about 90° F. and an end-point ranging from 400° 
to 450° F. Some plants weathered the gasoline in storage 







































































Figure 1G. Gas Rectification Process 
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Johns-Manville 


--.sets a new high of 3000F 


for insulating fire brick service 


@ Here is a new insulating fire 

brick, especially developed by 

the Johns-Manville Research 

Laboratory for use in forge fur- 

naces, ceramic kilns, chemical 

process furnaces and other types 
of high-temperature equipment operating above 
the previous range of insulating fire brick. 


Some of the more outstanding advantages of 
JM-3000 Insulating Fire Brick are: It is the highest 
temperature insulating fire brick made for backup 
or exposed use, effectively withstanding the full 
3000 F. Its efficiency remains at a high level 
throughout the life of the brick. It has exceptional 
service advantages in many operations at lower 
temperatures where regular or special fire brick 


is ordinarily used 


Johns-Manville 





With its combination of outstanding insulating 
and refractory properties, J}1-3000 Insulating 
Fire Brick has been found to provide longer life, 
greater fuel economy and important savings in 


downtime. For further information, write to 


Johns-Manville, Box 290, New York 16, N. Y. 


PHYSICAL AND THERMAL PROPERTIES 


Molded from high quality kaolin clays plus alumina 
Density —63-67 Ib per cu ft 

Modulus of rupture— 200 Ib per sq in. 

Linear shrinkage—(24 hr Panel test © 3000 F) .8 per cent 
Linear thermal expansion to 2000 F—.5 to .6 per cent 
Pyrometric cone equiv.—Cone 37+ (3308 F+) 
Temperature limit— 3000 F 

Conductivity (Btu in. per sq ft per F per hr at mean temp) 
F 500 1000 1500 2000 
Btu 3.10 3.20 3.35 3.60 
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Do You Have Trousles? 


“ 
Do you have troubles—producing a uniform, high quality product_—__ 


month after month? Quality problems in many a process industry 
have been solved by replacing low purity, technical grade raw 
materials with MALLINCKRODT FINE CHEMICALS. 
Mirrors. cosmetics and batteries—welding fluxes, synthetic rub- 
ber, and television tubes—pharmaceuticals, photographic emul- 
sions, and fluorescent lamps—varnishes, dentures. and paper 
photoengravings and electroplated metals—are but a few of the 
many things which have been made better and with less process 
trouble by starting with MALLINCKRODT FINE CHEMICALS. 
And often, COSTS GO DOWN as the quality of the product 
goes up and losses from off-quality batches diminish. Why not 


investigate the possibilities of use in your processes? 


82 Years of Service lo Chemical Users 


3K 


Drop in at our Booth No. 86 at the National 
Chemical Exposition (Chicago Coliseum— 
October 12th through 16th) and talk over 
your production problems with our technical 
men. If you can’t do this, drop us a line, 


Mallinekrodt Chemieal Wo rks Mallinckrodt Street, St. Louis 7. Mo, 
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72 Gold Street, New York 8, N. Y. 


Chicago + Cincinnati + Cleveland + Los Angeles 
Montreal + Philadelphia * San Francisco 


Uniform, Dependable Purity 





LIGHT HYDROCARBON RECOVERY AND SEPARATION PROCESSES 





tanks by heating with steam coils. The vapors from the 
tanks were passed through naphtha, which became par- 
tially saturated with natural gasoline, and was then “hot 
blended.” 

The recovery process with final separation under equi- 
librium conditions in a simple drum has inherent limita- 
tions. The resulting condensate contains a large propor- 
tion of undesirable light hydrocarbons, When the con- 
densate only is further processed, as in the older plants, 
valuable hydrocarbons components in the vapor phase 
are lost. 

As the market for butanes increased, operators added 
refrigeration to provide for more complete recovery. Rec- 
tification of the gas stream in a recovery column after it 
has passed through the compression and cooling section 
increases the retention of desired components. Refrigera- 
tion to low temperatures can be used to further augment 
this recovery. 

The compression, refrigeration, and recovery column 
sections of a low temperature GAS RECTIFICATION 
Process, typical of many plants built by Petroleum Engi- 
neering, Inc., Houston, is shown in Figure 1G. In these 
plants a conventional product separation fractionation 
channel is commonly added to effect whatever product 
separations are desired. Compressed vapor feed to the 
recovery column is first directly contacted with glycol 
solution to effect substantially complete moisture removal 
by separation in a vapor-liquid separator after refrigera- 
tion cooling to about 50° F, The dry vapors enter the col- 
umn where a low-temperature refrigerated reflux stream 
condenses the desired heavier hydrocarbons along with 
the equilibrium percentage of lighter components. Hot 
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Figure 2G. Basic Absorption Process 


vapors generated in a “reboiler” strip the resulting con- 
densate of excess light components retained by the reflux 
stream. The column operates as a deethanizer, the raw 
gasoline from the bottom, containing practically all the 
butanes in the inlet gas and a percentage of the propanes, 
is subjected to further fractionation. The top temperature 
of the column is held at about 40° F. by means of refrig- 
erated reflux. An additional quantity of glycol is injected 
ahead of the refrigerated reflux condenser to depress the 
freezing point of any water vapor remaining and avoid 
hydrate formation difficulties, 


Absorption Plant Details 


Absorption process plants are alike in principle but 
vary widely in equipment and process arrangement, The 
basic design is shown in Figure 2G. Rich gases are coun- 
tercurrently contacted with lean absorption oil in a bubble 


Figure 5G. Rich Oil Vent Reabsorber 
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plate tower. Residue dry gas leaves the absorber to sales 
or other disposal. Enriched oil flows through a preheater 
into a still where absorbed light hydrocarbons are stripped 
out and condensed overhead as product. Lean oil is cooled 
and recycled to the absorber. Condensed product serves as 
still reflux. Noncondensable gases are routed through a 
reabsorber or compressed for recycle to the main absorber. 
Product is stabilized to the desired vapor pressure in a 
fractionator. 

This basic process scheme has been much used. In recent 
years there has been intense development in design, and 
flow diagrams have become more complex. Several modi- 
fications of the basic plant are shown, It should be noted 
that some of the ideas are covered by patents which will 
not be detailed here. 

Increased extraction of butanes and propanes normally 
entails additional absorption of ethanes and lighter com- 
ponents, with adverse effects on stripping still operation. 
Low pressure at the still is desirable to assist in stripping 
lean oil and to avoid excessive bottoms temperatures. Low 
pressures, however, make condensation of overhead still 
vapors more difficult, the condenser temperature being 
set by the available cooling water. 

Absorption temperature is a controlling factor for the 
extraction obtained. Lower temperatures can be achieved 
by increased water cooling or by refrigeration. Cooling 
can be applied to the lean oil, to the absorber through 
intercoolers, or to the incoming gases as indicated in Fig- 
ure 3G. Lower temperatures improve the selectivity of 
absorption of heavier components over lighter gases. Since 
absorbed ethane and lighter gases require additional 
equipment for their elimination this is important. Lower- 
ing the lean oil temperature to the top of the tower also 
lowers the residue gas temperature, and the moisture con- 
tent of this gas. For gases flowing to a dehydrator or to 
pipe line sales this moisture reduction may be desirable. 
If the residue gas moisture content is unimportant, the 
provision of cooling by an intercooler a few trays below 
the top of the absorber is more efficient as most of the 
cooling then lowers the effective absorption temperature 
with less loss of refrigeration to residue gas. Where very 
low absorber temperatures are desired some of the refrig- 
eration duty may be applied to the incoming gas stream 
MTD’s in coolers are thus improved and more uniform 
absorber temperatures obtained, Below the 60° to 70° F. 
range trouble with hydrate formation in the absorber is 
likely. Dehydration of the incoming gases and production 
of a moisture free lean oil by the use of reboilers instead of 
direct steam stripping are effective protective measures. 


High-pressure absorbers are less selective between light 
and heavy components recovered than are low-pressure 
absorbers. In the scheme of Figure 4G, rich oil from a 
high-pressure absorber is flashed to a lower pressure, and 
unwanted methane and ethane are to considerable degree 


released, thus avoiding difficulties later in condensing 
stripping still overhead. Desirable propanes and heavier 
are vaporized in appreciable amounts, however, and cur- 
rent practice is to provide a few trays on the top of such 
flash tanks to reabsorb the heavier components with a 
lean oil stream, as shown in Figure 5G. 

Another route for discarding undesired light compo- 
nents from the rich oil stream is shown in Figure 6G, Cold 
rich oil is contacted in a bubble plate stripping tower 
vapor rich in propanes-butanes from vent gas 
sources, Ethane and lighter components are selectively 
stripped from the oil, being replaced with heavier compo- 
nents absorbed from the stripping gas stream, Released 
gases and remaining stripping vapors flow to a reabsorber, 
which is often combined with the stripper. Rich oil from 
the reabsorber falls into the top of the stripper. 
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Figure 6G. Rich Oil Deethanizer 


Rich oil feed to stripping stills is preheated to vaporize 
absorbed light hydrocarbons. As shown in Figure 7G, the 
preheater load may be reduced with a flash drum where 
vapors are separated to flow directly to the still with only 
the remaining rich oil flowing through the preheater. No 
pump is required, The reduced volume through the pre- 
heater lessens pressure drop problems, often a serious 
factor in plant revisions, 

Two-stage stripping is one effective way for avoiding 
the expensive recompression of noncondensables. As shown 
in Figure 8G the first still is operated at sufficient pres- 
sure above a reabsorber so that overhead vapors not con- 
densed do not require recompression. First still bottoms 
temperature is set so that second still overhead can be 
totally condensed with the available cooling water and at 
pressures low enough for effective stripping of the lean oil. 
First still overhead includes the bulk of butane and lighter 
hydrocarbons from the rich oil with possibly a little pen- 
tane and heavier. This material can be deethanized under 
easy conditions, especially with respect to base tempera- 
ture requirements. 

To extract all pentanes plus fractions from absorber 
gases it is essential that pentane free lean oil be employed. 
Gasoline plants designed for high propane extraction re- 
quire lean oil circulation for propanes greatly in excess 
of that required for complete absorbtion of pentanes, In 
“multiple absorption,” indicated in Figure 9G, enough 
pentane free lean oil is supplied at the top of an absorber 
for the complete absorption of pentanes, and a larger vol- 
ume of partially stripped lean oil is supplied to a point 
lower on the tower to effect the desired absorption of 
propanes-butanes. The requisite partial stripping of rich 
oil is accomplished by cold flashing in a series of drums 
with the final flash at vacuum pressure. Product separa- 
tion and the stripping of a lean oil stream for pentane 
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NOW...Accuracy never thought possible in 
Taylor’s New Force-Balance 


DYNAMIC ACCURACY 
DYNAMIC COMPENSATION 


DYNAMIC ACCURACY means the accuracy of an in- 
strument in measuring ¢ hanging or dvnamic conditions. 
The Dynamic Accuracy of the Taslor Transaire Tem- 
perature Transmitter is of an unprecedented high order. 
Thus, Transaire becomes the first instrument to solve 
the problem of many process engineers who realize that 
an instrument accurate to a fraction of a degree in 
measuring static conditions can easily be in error by a 


great many degrees when the temperature is changing. 


* 


Taylor's Transaire is an en- 
tirely new kind of instrument 
that pneumatically transmits 
temperature as far as LOOO 
ft. with an extremely high 
degree of accuracy. This high 
accuracy is made possible by 
’ these NEW and EXCLL- 
Li SIVE features. 


1. Force-Balance Principle, skillfuliv employed. pro- 
vides the means for unexcelled aceuraey and unpar- 
alleled speed of re sponse. 

2. Cigarette-Size Bulb, permitted by force-balance 
principle, gives unprecedented response to temperature 
variations due to its low heat capacity. 


3. Speed-Act which compensates for lags introduced 
by a separable well or due to the poor heat transfer of 
the process medium. Result — the first instrument with 


Dynamic Accuracy under such adverse conditions. 


4. Thermospeed Sleeve in separable wells which ac- 
eelerates heat transfer from the process medium to the 
measuring system, 


5. Barometric pressure compensation, «exclusive with 
Taylor, is vitally important where close temperature 
measurement and control are essential. 


6. Ambient Temperature Compensation cuts to a 


negligible minimum the effects of fluctuating tempera- 
ture surrounding the Transaire case and capillary. 


DYNAMIC COMPENSATION means the ability to com- 
pensate for inherent lags both in the measuring system 
and in the rate of heat transfer of the process medium. 
This is achieved in Transaire by the introduction of 
derivative action Speed-Act) in the measuring circuit. 
The result is Dynamic Accuracy of the highest order. 
This hitherto unattainable speed of response has a pro- 
found effect on the results obtainable when temperature 
is automatically controlled. 


7. Standard output pressure range of 3 to 15 psi cuts 
maintenance, making special calibration of receivers 
unnecessary, 


PLUS: 


Easy to Install cigarette-size bulb. 

Speed-Act Adjustment ‘ alibrated adjustment makes it easy to 
match time lag. Chart, based on comprehensive studies of lag 
rates of many process fluids, is supplied for easy determination of 
Speed Act settings. 


Faster 63°) response in less than 2 seconds in water. 


Up-to-1000 feet pneumatic transmission of temperature with 
extreme accuracy, 

Maintenance Minimized by simple, time-proven pneumatic sys- 
tem and use of flexible strip pivots. 


Short, shiftable range spens with a simple screwdriver adjust- 


Great Overrange Protection. ‘)verall temperature limits from 


minus 375° to LOOO°! with overrange protection to 100O° Fr. 


No electrical hazard in explosive atmospheres. 


A positive- acting pilot vaive, made famous by Fulscope Control- 
lers, assures quick changes in transmission pressure. 

Transaire with Speed-Act is the latest step in Taylor's program 
to produc e industrial instrumentation unsurpassed m accuracy, 
simplicity, and durability. Transaire now gives you laboratory 
accuracy in a production instrument. Ask your Taylor Field En- 
gineer or write for Bulletin 98110, Taylor Instrument ¢ ompanies, 
Rochester, N. Y., or Toronto, Canada. Instruments for indicating, 
recording and controlling temperature, pressure, humidity, flou and 


liquid level, 
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recovery are performed in a final strip- 
ping still. 

It is usually desirable to obtain a large 
percentage of condensation of stripping 
still overhead vapors. This condensation a 
normally is set by the temperature level 
established by the available cooling water, 
and by the operating pressure. High oper- 
ating pressures aid the condensation but 
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Figure 7G. Rich Oil Preheater With Flash Tank 
ottoms tern perature so the pres 


Where high percentages 


carbons are ce sired as products, 


must be a compromise 
lighter hydr 
» necessary for the desired overhead con 

ol 
ondensed gases may be ompres ed and recvcled 
to the main absorber, or to a reabsorber—but at high 
recovery percentages this compressor load becomes pro- 
hibitively large. Refrigeration mav be used to provide low 
condensatior temperatures, but this, too, is expensive Al 
ternately 
by varving the composition of the hydrocarbons entering 


a higher percentage condensation may be secured 


the still condenser and separator system by the addition of 
an extraneous stream of heavier hydrocarbons. This alters 
the equilibrium between liquids and 
allows total condensation of the 


gas and, if sufficient 
heavy material is added 
gas. Any of the desired product components of a plant 
which are not condensed from the still overhead gas must 
be finally recovered elsewhere, often by expensive means 
The stripping system, thus, is one of the critical points in 
absorption plants, and receives careful attention on the 
part of designers. In the system, Figure 10G, licensed by 
The Fluor Corporation, Los Angeles, a recycle stream of 
stabilizer bottoms are used as the “heavier hydrocarbons” 
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Figure 8G. Two Stage Stripping System 
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Figure 9G. Multiple Absorption System 
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introduced into the still overhead condenser system. Con- 
densation may be set at any desired level, from total to 
that obtained with no stabilizer bottoms recycle. 

The residue gas from absorption plants when sold to 
pipelines, usually must meet some specified minimum 
heating value, The operation of gasoline plant main ab- 
sorbers for high retention of butanes and propanes may 
result in a residue gas of too-low heating value. This can 
be corrected by a lower lean oil rate to the absorber, but 
then some of the more valuable heavier components may 
leave with the residue gas along with the extra propane 
intended for heating value improvement. A process scheme 
licensed by The Fluor Corporation, Los Angeles, avoids 
this difficulty, and in some cases provides worthwhile sav- 
ings. In the PRESATURATION Process, Figure 11G, the 
lean oil from the plant stripping section is contacted with 
a stream of the plant’s propane rich normal vent gases in 
a special presaturation absorption column. This column is 
operated at the highest pressure possible without recom- 
pression of the vent gases, a level that is usually suffi- 
ciently high to allow substantially all of the propane and 
some of the methane and ethane in these gases to be ab- 
sorbed. The propane-rich lean oil is then cooled and sent 
to the main absorber, The lean oil can only absorb pro- 
pane up to its saturation point, so that some or all of the 
propane in the main absorber feed is rejected to the resi- 
due gas stream. Control of the degree of propane satura- 
tion of the lean oil sent to the main absorber allows residue 
gas of the desired Btu. content to be produced. This sys- 
tem avoids the alternate expensive route of recompressing 
propane from vent gas pressure level back up to full 
pipeline residue gas pressure. Also, since there is lower 
absorption of propane in the main absorber, the tempera- 
ture there stays lower and improves the selectivity of the 
recovery of heavier components. 

The volumes and compositions of feed gases and/or 
liquids and the desired products vary with each gasoline 
plant—thus always requiring individual plant designs 
Some of the process details and schemes used in gasoline 
plants are patented, while many are “the practice of the 
industry.” The designs submitted by competing engineer- 
ing groups for some new project involve process recom- 
mendations that the ingenuity of each 
adapting the various ideas and patents available to them 
to meet the specific problems at hand—usually with more 
emphasis on ingenuity than on patents or licensing. The 
designs of each engineering group will vary widely to suit 
the needs of different gasoline plant installations. There 
sometimes may be comparatively little process variation 
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Figure 10G. Recycle of Stabilizer Bottoms 
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Figure 11G. Presaturation Process 


between several competitive designs intended for a single 


specific plant. 

The complexity of a gasoline plant is closely related to 
the percentage recovery required for the lightest product 
(usually butane or propane) and to the number of prod- 
ucts that are to be made, A typical plant. employing more- 
or-less “standard” design in the absorption-stripping sec- 
tion, but separating perhaps more than the usual number 
of products is shown in Figure 12G, This is a modern 
version of the “TULSA TYPE” ABSORPTION plant de- 
signed and built by Flint Steel Corporation, Tulsa. Early 
forerunners of this plant were characterized by the use of 
large-diameter-short-tube coolers and condensers having 
fixed tube sheets. The short tube lengths avoided exces- 
sive thermal expansion in service and the necessity for 
expensive floating-head exchanger designs. 

As the percentage retention of butane or propane is 
increased the absorption-stripping end of the gasoline 
plant becomes more complex. A design by Jones and 
Laughlin Supply Company, Tulsa, and intended for a 
MODERATE (25 to 35 percent) PROPANE RECOVERY 
plant is shown in Figure 13G, The product fractionation 
section is not shown. These plants are flexible in design to 
permit operation to be varied with market conditions to 
produce optimum plant returns. Stabilizer sections are 
omitted from both flow diagrams. 

Limiting factor here is the still pressure, which must be 
kept low enough to permit stripping at the available hot- 
oil temperature without using uneconomical stripping 
steam quantities. The use of a direct fired oil preheater 
permits higher still pressures, and, consequently, higher 
propane recovery 

Between the absorber and the still, a fat-oil stabilizer 
(or fat-oil deethanizer) is shown, Heat from normal oil-to- 
oil exchange is applied to the feed entering this unit. By 
controlling preheat of the lower charge stream and regu- 
lating cold oil quantities to the top and middle sections, 
substantially all the methane and 60 to 80 percent of the 
ethane can be removed from the fat-oil. This is accom- 
plished without excessive losses of propane and heavier. 
Fat-oil stabilization reduces the quantity of recycle vapors 
from the still and stabilizers with resultant savings in 
equipment size and cost, while at the same time over-all 
butane-propane recovery is increased, 

It will be noted that a lean oil absorption section is set 
on top of the fat-oil stabilizer proper. This may be omitted 
and the overhead vapors compressed to enter the main 
absorber. In many cases this operates to better advantage. 
The absorber pressure is assumed to be 200 psig. or more. 
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HARSHAW MANUFACTURES | 
TO FIT SPECIAL PROCESS 


Harshaw pioneered the development of custom made 
catalysts. We have a large capacity for producing extruded or 
tabletted catalysts and an experienced technical staff to help you 


develop the best catalyst for your process. 


% Experience has proved that economies can be realized by having Harshaw manufacture 
catalysts to specifications. If you have a catalytic process in the development or produc- 


tion stage, a discussion with us may prove beneficial. 


THE HARSHAW CHEMICAL CO. «- CLEVELAND, OHIO 
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PREFORMED CATALYSTS 
REQUIREMENTS... 


Our experienced technical staff 


will assist you in developing the 


best and most economical catalyst 


for 


HYDROFORMING 
CYCLIZATION 
OXIDATION 
DEHYDROGENATION 
HYDROGENATION 
DEHYDRATION 
DESULPHURIZATION 
ALKYLATION 
ISOMERIZATION 


Aluminum Chloride Anhydrous Boron Trifluoride 
Boron Fluoride Addition Compounds Hydrogen Chloride Anhydrous 
TYPICAL Hydrofluoric Acid Anhydrous 
CATALYSTS Activated Alumina Tungsten Alumina Magnesia 
Chrome Alumina Cobalt Nickel 
Molybdena Alumina Copper Vanadium 


% Experience has proved that economies can be realized by having Harshaw manufacture 
catalysts to specifications. If you have a catalytic process in the development or produc 


tion stage, a discussion with us may prove beneficial. 


THE HARSHAW CHEMICAL CO. - CLEVELAND, OHIO 
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Figure 12G. Absorption Plant With Several Product Streams 


A similar HIGH (50 to 85 percent) PROPANE RE- 
COVERY plant designed by the same company is eco- 
nomically feasible when gas from the field is relatively 
rich in propane and when absorber pressures of from 400 
to 700 psig. are available. 

Distinguishing features of this system are the high and 
stills. and the the old 
fat-oil serves as a large portion of the absorption medium 


| )w-pressure reabsorber where 


required for the reabsorption of the heavier constituents 
of the relatively high quantities of recycle gases. The pri- 
mary still is operated at about 225 pounds pressure in 
order to condense a high proportion of propane in the 
stabilizer-charge liquid. Since satisfactory stripping is 
impractical at this pressure, the primary still bottoms are 
fed to the secondary still, which is operated total condens- 
ing at 50 to 75 pounds pressure with the net overhead 
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Figure 14G. Stage-Separation Cycling Process 


product being pumped to an intermediate point in the 


primary still condenser. 


Cycling 

Hydrocarbons produced from underground reservoirs 
in the vapor phase may be classed as dry, wet, or retro- 
grade. “Retrograde” gases are those from which a liquid 
can be condensed by reduction in pressure. A not 
retrograde, from which liquids can profitably be extracted 


gas, 
is termed “wet 

Operators withdrawing hydrocarbons from an under- 
ground gas reservoir may follow several routes in their 
efforts to attain maximum economic realization. If retro- 
grade conditions exist in the reservoir and there is no 
available market for dry residue CYCLING, the 
reinjection of these gases into the producing formation 
may be best. If there is a market for dry gases, such as 
pipeline sales, chemicals manufacture, or the like, the 
operators may prefer to use direct expansion production, 
taking some losses as retrograde condensation occurs in 
the reservoir. or they may elect to use some system of 
pressure maintenance by water drive. 

In typical high-pressure gas reservoir cycling operations 
the primary extraction of products is conducted at the 
maximum feasible pressure range, usually between 1200 
and 2200 psig.. to lessen the compressor horsepower re- 
quired to raise the residue gases back to injection pressure 
levels, possibly 3000 to 5000 psig. Usually gas sold to 
pipe lines is delivered at pressures not above 800 to 1000 
“psig. If this route is followed, instead of cycling. plant 
primary recovery pressures may be lowered to just above 
the pipe line pressure level, with savings in equipment 
cost through elimination of compressors and lowering of 


gases, 
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design pressures. Where there is no available market 
for dry gas. cycling allows the immediate production of 
desired liquid hydrocarbons and serves as a conservation 
measure, The gas reinjected into the formation is readily 
available for future use. 

Varying plant designs are used for cycling operations. 
Simple separation installations, once quite widely used, 
are based on the principles of retrograde condensation and 
extract the condensate by a reduction in pressure. A varia- 
tion involved cooling of the gases, since in the retrograde 
range condensation at a given pressure increases at lower 
temperatures. Extraction efficiencies are improved by the 
addition of a refrigeration cycle. 

The STAGE SEPARATION CYCLING 
been found advantageous in small condensate fields, or 
where installation of a full-scale absorption type plant is 
not feasible. Low installation and operating costs often 
permit production of condensate fields that otherwise 
would be shut-in. The process employs comparatively sim- 
ple equipment, and is well adapted to high reservoir pres- 
sures and the processing of small volumes of gas. Its 
operation employs pressure reduction in each stage of 
separation. Such plants operating at high pressures seldom 
utilize more than three separation stages. Compressors are 
necessary for compressing residue gas for field injection, 


Process has 


or pipe line sales. 

The flow diagram, Figure 14G, shows a three-stage re- 
covery plant designed by O. L, Olsen Company, Houston, 
that serves separate streams of feed gas from production 
at two different pressures. Although not shown, the plant 
utilizes five separators for metering 
ating at 1500 psig. and two at 750 psig.. and a fifth sepa- 


purposes—two oper- 
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While it is axiomatic that return on investment—the ultimate earning power of a refinery unit when actually on stream— 
is the only true evaluation of competitive engineering recommendations, initial plant costs remain a major factor in 
refiners’ decisions on plant installations. M. W. Kellogg takes specific steps to minimize initial plant costs consistent 
with the achievement of highest u/timate earning power 


NOW=— PRE-CAST WALLS THAT SAVE OVER 35% 


Nearly everyone is familiar with the astronomical 
heights to which the costs of brick refinery buildings 
have risen. Some efforts have already been made to find 
lower costs methods. Among these is the use of concrete 
blocks, but this type of construction has the decided 
disadvantage of low structural strength to support 
equipment. Poured concrete walls remedy this defect 
but again prices soar because of tailor-made form work. 

Seeking an economical solution to this problem, 
Kellogg's engineering and construction departments 
combined their efforts. They eventually arrived at a de- 
sign that not only overcomes such disadvantages as low 
structural strength, but saves upwards of 35% of the cost 
of brick buildings. Moreover this new technique has a 
further advantage in that the buildings can be closed in 
a fraction of the time required for other types, thus per- 
mitting interior work to proceed regardless of weather. 


Kellogg's concept isn’t unusual, but the application is. 
Several recently completed large steel frame buildings 
and reinforced concrete super-structures were designed 
so that entire wall sections could be precast—complete 
with all door and window frames as well as conduit, 
duct and pipe inlets in place. Poured at the same time as 
the foundations, wall sections cure simultaneously and 
cranes can then lift them into position in a matter of 
minutes. The result: Modern, industrial housing with 
low maintenance and high functional value at radically 
lower costs. 

This is another example of how completeness of staff 
and integration of operation benefit the refiner. Such at- 
tributes are the result of size, and of wide experience 
in both technical and managements phases. The M. W. 
Kellogg Company believes that such an organization is 
the only true approach to LOW INITIAL COSTS. 


THE M. W. Kexzoce Company 


A SUBSIDIARY OF PULLMAN, INC 


ENGINEERS TO THE PETROLEUM INDUSTRY 


NEW YORK JERSEY CITY LOS ANGELES TULSA HOUSTON TORONTO LONDON 
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LIGHT HYDROCARBON RECOVERY 


AND SEPARATION PROCESSES 





rator for tests, After metering, feed gases and liquids are 
recombined before entering the stage separation system. 

There are three process separators—one operating at 
1500 psig., one at 750 psig. and a final flash tank operat 
ing at 250 psig. 

Raw distillate from the final flash tank is charged to a 
fractionator from which stabilized distillate is removed as 
the bottoms product. Gas rejected overhead is recom- 
pressed and combined with the other gas streams from the 
stage separators for further compression and injection into 
the producing formation. Injection pressure is 5000 psig. 

The ABSORPTION cyt LING Prov ess, quite effective 
where feed rates and reservoir anticipated life justify 
large plant investment, utilizes high-pressure absorption 
to recover hydrocarbon liquids. Contrasted with simple 
stage separation cycling, the absorption process provides 
high extraction efficiency. Less horsepower is required for 
compression for field injection, too, because of higher 
process residue gas pressures. Most of the cycling plants 
built in recent years are the absorption type 

Since residue gas injection pressures are high. the at- 
tendant compression equipment and operating expenses 
are major factors in plant design. Accordingly, the main 
plant absorbers are operated at quite high pressures to 
avoid increased recompression expenses, Absorbers tcom- 
monly operate in the range between 1000 and 2000 psig. 
with 1500 to 1800 psig. perhaps most frequently used 

In a typical plant. Figure 15G, the absorption pressure 
is about 1500 psig 

Tail gases from the reabsorbers are recompressed in a 
system of stage compression to the main absorber pressure 
and join with the absorber residue gas which is raised to 
field level by a final of com- 
pression 

The combined rich oil streams from the absorber. high- 


injection pressure stage 


pressure reabsorber and low-pressure reabsorber are sep- 
arated into products and fuel gas in a conventional gaso- 


line plant fractionating system 


In many cases gas for sale to pipe lines is collected at 
low pressures from crude oil separation systems or other 
field sources. In such instances stage compression methods 
are usually necessary to raise the gas to pipeline delivery 
pressure which is often several hundred pounds, Natural 
gasoline recovery plants are then designed to take advan- 
tage of the stage compression and condensation effects and 
ordinarily utilize absorption at near pipe line delivery 
pressures to obtain optimum recovery of propane and 
heavier hydrocarbons. More economical plants can be de- 
signed where large volumes of gas are produced at suffi- 
cient pressure for delivery directly into the pipeline with- 
out mechanical compression. With extremely large gas 
reservoirs some of the production problems encountered 
in smaller fields are less serious, or less urgent. Cycling 
in many such fields may not be necessary or may offer 
little ultimate gains. Many pipe line absorption plants 
are so situated. 

These plants receive gas feed at field conditions, often 
at considerably higher pressure than required for pipe 
line delivery. The absorber pressure thus can be set at the 
optimum point in the available range to give the most 
economic product recovery and equipment and operating 
costs. Since recompression of the residue gas is not re- 
quired the absorber pressure can be lowered to any desired 
level, above pipe-line pressure as set by other design fac- 
tors, Actually, most such pipe line absorption plants are 
operated at about pipe line delivery pressure, frequently 
in the range of 700 to 1000 psig. 

Residue gas from the absorber usually must meet a low 
specified moisture content on delivery to a pipeline, The 
dehydration of the residue gas is usually necessary. One 
method in wide use is by contacting with adsorbents in 
solid bed vessels. The adsorbent are in turn 
stripped of moisture by a reverse flow of heated dry gas. 
Two or more adsorbent towers are used on a cyclic opera- 
tion. Where the field gases as produced contain appreciable 
amounts of hydrogen sulfide, liquid absorption methods 
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Figure 15G. Absorption Cycling Process 





























Figure 16G. Multi-Pressure Absorption Process 


of dehydration which also effect the desulferization of the 
gas may be used. 

Variations in well-head pressures and in producing 
methods quite often result in feed streams to a plant at 
two or more pressure levels, Gases, too, may be rich or 
lean, and may or may not contain dissolved heavy oils. 
Mixtures of gases and distillates at high pressure are often 
sent directly to the processing plant. There is a growing 
tendency toward the handling of crude oil in gasoline 
plants for stabilization to avoid losses of valuable vapor 
components. 


Where several feed materials must be handled by a 
process plant, almost an endless number of alternate proc- 
ess schemes can be worked out with limits set only by 
common sense and the ingenuity of the designer, Plant 
design in each case is to suit the conditions, the attempt 
always being to achieve the best over-all economics. 


One plant designed for a combination of feeds is shown 
in Figure 16G. Gas from low-pressure crude oil separators 
is processed in conjunction with a mixture of gases and 
distillate from high-pressure wells. Residue gas over fuel 
requirements is sold to a high-pressure pipe line. High 
is achieved. 


propane recovery 

The distillate from field production is separated and 
vapors fed to a “high-pressure” 1050 psig. absorber. Low 
pressure feed gas is available at 60 psig. and since all resi- 
due gases above fuel requirements are to be delivered to 
a pipe line at about 1000 psig.. one possible route would 
be to initially compress this low pressure gas to full 1050 
psig. absorption pressure. The designer worked out an 
alternate solution, providing a “low-pressure” absorber at 
100 psig. into which the compressed gases are led, Tail 
gas from the low-pressure absorber, substantially less than 
the original low-pressure gas feed, is boosted to pipe line 
pressure. Worthwhile compressor horsepower savings are 
achieved. The low-pressure absorber also serves as a 
“reabsorber” into which rich oil from the high-pressure 
absorber is flashed. Distillate liquid from the plant inlet 
separator is flashed to 400 psig. in a separate flash drum, 
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and these vapors also are fed to the low-pressure absorber. 

Rich oil from the low-pressure absorber is flashed into 
a reabsorber at 250 psig. Liquid from the 400-psig. dis- 
tillate flash drum is flashed into a 250-psig. flash drum. 
Vapors from the 250-psig. flash drum are routed to the 
250-psig. reabsorber. 


Refinery Gas Recovery and Gasoline Stabilization 


As noted earlier, gasoline stabilization and vapor recov- 
ery equipment was applied to refinery uses following wide- 
spread adoption by the natural gasoline plants. The initial 
refinery application, the setting of gasoline vapor pressure 
in fractionating column “stabilizers” continues to be a 
major refinery process operation. 

In a typical simple GASOLINE STABILIZATION Proc- 
ess, Figure 17G, raw gasoline from some refinery source 
such as a cracking unit, is fractionated in a bubble plate 
tower to produce a bottoms product of desired vapor 
pressure. Usual practice provides sufficient sharpness of 
separation to practically eliminate propane from the gaso- 
line bottoms while retaining the percentage of butane re- 
quired for volatility, Excess butane produced overhead is 
routed to fuel, to separation for LPG sales, or other use. 

Vapor recovery and fractionation units are also among 
the essential secondary refinery processes. Such plants 
found initial refinery applications as accessories to early 
thermal cracking units. In many of these cracking units, 
gas and gasoline were separated at near atmospheric pres- 
sures under equilibrium conditions, so that large volumes 
of valuable butane-and-heavier components were not con- 
densed to liquid. 

Practically all refineries in operation today include some 
form of gas-recovery and fractionation plant. Their design 
depends upon the type of refinery process units employed 
and the amounts of wet gas and unstable distillates to be 
handled. Each refinery situation requires special con- 
sideration. 

One simple solution of low pressure vapor recovery 
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How 


is RUGGED 


--.and is it important in an instrument? 


“How rugged” an instrument is, has a Transmitter is more like that of a pre- 
great deal to do with “how long” it cision machine than of the sensitive 
will remain in operation. Regardless instrument that it is. The design 
of how uccurate, sensitive or flexible both permits and requires strength, as 
an instrument may be, the value is low the force-balance principle could not 
if the instrument goes out of service. be carried out with light, bendable 

parts. All bearings, levers, pins and 


Our interpretation of an instrument's 
other working parts must be heavy 


“ruggedness” is the ability to operate, 
under the most adverse conditions enough to carry appreciable loads and 
encountered, on applications for which are therefore not susceptible to dam- 


it is intended. age in ordinary handling or use. 

In addition to being built to operate We repeat —"‘ruggedness”’ is an impor- 
under outdoor conditions, the con- tant feature of the Republic Pneumatic 
struction of the Republic Pneumatic Transmitter. 


* * * 


The Republic Transmitter is a pneumatic metering device. It 
employs the force-balance principle to convert process variables 
such as flow, liquid level, pressure or liquid density, into air 
pressures which vary proportionally with the process variables. 


These air pressures become direct measurements and can be 
conducted to reading instruments or used as the measuring 
impulse for the actuation of an automatic controller. 


For complete details write for Data Book No. 1001 


REPUBLIC FLOW METERS CO. 


2240 Diversey Parkway, Chicago 47, Illinois 


Petroleum Re finer—V ol. 28, No. 9 





TULSA TYPE Natural Gasoline 
Plant Equipment, Oil Refinery Equip- 
ment, and Chemical Processing 
Equipment embody Sound Engi- 
neering, Accurate Specifications and 


Precision Workmanship. 


A new Plant Facilities Bulletin is 
available to Petroleum and Chemical 
companies and Engineering organiza- 


tions. 


From the closely integrated manufacturing facilities of the Flint Steel plant, are offered: 
PLATE FABRICATING ........ . . . . STRUCTURAL FABRICATING 
REINFORCING FABRICATING . . . »« WAREHOUSE PRODUCTS 


FLINT STEEL CORPORATION 
TULSA, OKLAHOMA 
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Figure 17G. Gasoline Stabilization Process 


proble ms with thermal cracking units involves the ¢ ompres 
of cracking unit g 


sion ases to gasoline stabilizer pressures 
As the sever- 


is increased, this method becomes expensive 


ind recovery by fractionation in this column 
ity of cracking 
because of the large volumes of 
Also, an LPG cut 
Accordingly. 


provided with special vapor recovery absorption towers, 


gas that must be com- 
as stabilizer 


are 


pressed may be desired 


overhead many thermal cracking units 


is shown in Figure 18G. This absorber employs a lean oil 
stream withdrawn from the cracking unit distillation sys 
Enriched oil 


unit 


tem through a sidestream stripping column 
from the absorber Is returned to the cracking main 
fractionator for vapor recovery, The recovered components 
ire removed from the cracking unit in solution with the 
raw gasoline product which flows to a stabilizer 
Che widespread adoption of the catalytic cracking proc- 
increased installation of gas-concentration 
facilities for the two-fold that 


plants produce large quantities of pen- 


esses resulted Ww 
and stabilization 
catalytic-cracking 


tane and lighter materials and that these plants must of 


reason 


necessity fractionate the reactor effluent at low pressure. 


Recovery unit designs v iry widely with the desired reten 
tion and separation of vapor components 


A desi 


simple 


m by The Lummus Company, New York, for a 
recovery of all C,’s 


*s is desired, is shown in Figure 19G 


suitable for where 
the ¢ 


This plant consists of a compression system for raising 


init use 


and most of 


the pressure of the wet gas to approximately 150 psig. and 
with the 
the wet 


ontacting this material unstable distillate: an 


absorber for precessing vas from the contact drun 


producing debutanized gasoline and an over 


with debutar gasoline and heavy naphtha: and a debu 
tanizer tor 
head in," ‘ 


acts as a still for the absorption naphtha, however part of 


condensate stream, The debutanizer in effect 
the lean oil flows directly from the low-pressure-fraction- 
ating system of the catalytic-cracking unit to the top of the 
ibsorber for the purpose of sponging the small amount 
of pentanes and heavier material evaporated from the 


debutanizer gasoline making up the bulk of the lean oil. 
The debutanizer overhead may be charged 
through an H.S removal unit to a catalytic polymerization 
plant or may be charged to a depropanizer for recov- 
ery of butane-butylenes and an overhead C, condensate. 
The debutanizer may be reboiled with 450-pound steam or 
with hot circulating oil from the low-pressure-fractionating 
system. the latter usually being more desirable. In some 
situations it has been found desirable to provide a frac- 
tionating absorber equipped with a reboiler in order to 
reduce the gas recycle from the debutanizer and the amount 
of gasoline recycled to the absorber for lean oil. 
Another vapor recovery and gasoline-gas product sepa- 


condensate 


ration unit for use in connection with a catalytic cracking 


unit is shown in Figure 20G. This plant was designed by 


u 





STABILIZER 
TAIL GAS 


ORY GAS 
TO FUEL 





SIDESTREAM 
STRIPPER 














STABILIZED 
GASOLINE 
* 


os 
4 











RICH OIL 








Figure 18G. Vapor Recovery Absorber for Thermal Cracker 
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Figure 19G. Gas-Gasoline Separation Unit for Catalytic Cracking Plant 





Figure 21G. Light Hydrocarbon Fractionation Unit for Catalytic Cracking Plant 


Foster Wheeler Corporation, New York, Propane is re- 
jected to plant fuel. The gas and liquid charge is united 
in the charge tank, C,’s and lighter are removed from the 
system as gases from the top of the absorber, Heavier 
gaseous products are absorbed by the lean oil and returned 
to the charge tank. The total liquid is charged to a high- 
pressure still where the naphtha is partially stabilized and 
charged to the low-pressure still for complete stabilization. 
The net overhead product from both the high- and low- 
pressure stills are joined in the high-pressure still accumu- 
lator and constitute the charge for the rectifier and de- 
butanizer. The debutanizer overhead product, a butane- 
butene cut, is a valuable stock for polymerization and 
alkylation. The bottoms product is a debutanized light 
gasoline fraction. 

Flow diagram, Figure 21G, is for a gas plant designed 
and constructed by E. B. Badger & Sons Company, Boston 
This plant receives gas and gasoline from a catalytic 
cracking unit and from a catalytic treating unit, and pro- 
duces 30,000 barrels per day of combined liquid products 
as well as 6.500.000 cubic feet of fuel gas. Debutanized 
motor gasoline, specification aviation gasoline, commercial 
propane, butanes-butenes for alkylation or poly-unit feed, 
and isopentane are the principal end products. 

Motor gasoline from the cracking plant is charged 
the debutanizer. This column is operated at 185 psig. 
effect recovery of the major portion of the overhead 
liquid. Debutanized gasoline goes to storage. 

Aviation gasoline from the treating unit is stabilized at 
approximately the same pressure, also to obtain maximum 
recovery of the overhead as liquid, and the stabilized avia- 
tion is pumped to storage. The liquid overhead products 
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Figure 20G. Vapor Recovery Unit for Catalytic Cracking Plant 
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from the debutanizer and stabilizer are pumped to a surge 
tank from which they are sent to the de-ethanizer. 
Cracking-unit gas is received at 50 psig. The smaller 
amount of treating-unit gas, available at lower pressure, 
is compressed to 50 psig., and these streams are combined 
with the small flow of overhead gas from the debuta- 
nizer and stabilizer, compressed, and discharged into the 
de-ethanizer which operates at 450 psig. The overhead 
from this column ai 125° F, is water-ccoled and then re- 
frigerated, providing reflux at a temperature of 45 to 50° 
F. The possibility of hydrate formation precludes the use 
of lower temperatures. The refrigeration unit uses propane 
as the refrigerant. Refrigeration is effected by the evapo- 
ration of plant propane in a kettle-type tubular unit. The 
propane vapor so produced is compressed and then con- 
densed in the depropanizer overhead product condenser. 
Net de-ethanizer overhead product gas goes to plant fuel. 
De-ethanizer bottoms are depropanized 250 psig. In 
this column, commercial propane is produced overhead. 
The bottoms are sufficiently depropanized so that the sub- 
sequent butane product will contain less than 1 mol per- 
cent propane. The butane tower operates at 100 psig. and 
is designed to make a sharp separation between normal 
butane in the overhead and isopentane in the bottoms. The 
bottoms from the butane tower is feed for the isopentane 
column. This column, operating at 22 psig., is designed to 
produce overhead and isopentane fraction of 98 percent 
purity. The bottoms from the isopentane column compris- 
ing normal pentane and heavier are pumped to ;torage 
and used in motor-gasoline blends. Although two isopen- 
tane towers are shown in the flow diagram, it will be noted 
that process-wise they actually constitute one tower. A 
split tower was used since the height of a single tower 
would have been excessive for this particular installation. 
Earlier the almost universal treating practice with 
cracked gasolines from high-sulfur crude included acid con- 
tacting and a sweetening step. These operations materially 
increase the end point and leave the gasoline quite unstable 
in color and gum content and it often required rerunning 
to set the end point. These acid-treated gasolines become 
dark in color and high in gum content when rerun at tem- 
peratures higher than 250° to 275° F. When rerun at low 
temperatures, good color and gum stable gasoline is pro- 
duced. Gasoline having 400° F, end point cannot be pro- 
duced overhead with the low allowable temperature at 
atmospheric pressure. It is necessary therefore to use sub- 
atmospheric pressure, or great volumes of steam for par: 
tial-pressure reduction, 
\ low-temperature and low-pressure treated CRACKED 
734 
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LUMBIA STEEL COMPANY 


Air power in the new cold-reduction sheet and tin-plate mill at the Pittsburg, California 
plant of the Columbia Steel Company is furnished by two Fuller Rotary Two-stage 
Compressors. Each of these compressors has a capacity of 1660 c.f.m., atmosphere to 
125-lb. gage; driven by a 600 r.p.m. synchronous motor. Two 54-in. diameter, 15-ft. 
high, air receivers, adjacent to the compressors, are used to store the compressed air. 
Each compressor is equipped with inlet-air filter and silencer units. Complete full- 
magnetic electrical-control equipment is provided for these compressors, each of the 
two sets being mounted in dead-front totally enclosed panels. 


Thousands of Fuller Rotary Compressors are installed, giving day in, and day out, 
continuous service, with minimum attention and maintenance. We urge you to 
investigate these efficient, life-time capacity machines. 


FULLER COMPANY, CATASAUQUA, PA. 
Chicago 3 - 120 So. LaSalle St. 
San Francisco 4 - 420 Chancery Bidg. 
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These 3 facts 

are worthy of serious 
consideration by any refiner 
who is planning on increasing the 


efficiency of his desalting procedure. 


More PETRECO Electric Desalters are now 
; in use than: ever before. 





More PETRECO Electric Desalters are 
under construction than ever before. 


Only PETRECO offers complete desalting 
service personnel and facilities. 


PETROLEUM 5121 South Wayside Drive, Houston 1, Texos 
RECTIFYING 648 Edison Building, Toledo 4, Ohio 
COMPANY 530 West Sixth Street, Los Angeles 14, Calif. 


ETR E<®© 
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GASOLINE RERUN unit designed by Foster Wheeler 
Corporation, New York, is shown in Figure 22G. While 
a great variety of designs have been employed for such 
services, this one illustrates the general principles involved 
Present treating methods have more or less outmoded this 
rerunning operation for new designs, but a considerable 
number of units continue in service, 

Cracked gasoline rerun units in general were designed 
for low-temperature and low-pressure operation. Both 
directly fired heaters and heat medium systems have been 
used 

In this design, it was considered desirable to use a heat 
medium temperature not greatly in excess of the maximum 
illowable temperature for the gasoline to be rerun. This 
insures that the skin temperature on the walls of the heat 
ing tubes will not exceed the maximum allowable. Steam 
was used as the heat medium. Its high latent heat capacity 
at relatively low temperatures is advantageous. A closed 
heating cycle is used requiring essentially no make-up 
Boilers supply only the latent heat and film-type evapora- 
tor heat exchangers in the return unit transfer this latent 
heat to the gasoline. 

Special naphtha fractions find a variety of uses that 
justify premium prices and many refiners engage in their 
manufacture. Such products can sometimes be produced 
satisfactorily as sidestream cuts on crude oil distillation 
towers, but more usual practice where they are regular 
plant products is their fractionation in SPECIAL NAPH 
THA RERUN A typical unit is shown in Figure 
23G. This installation was designed by The Lummus Com 
pany, New York 


Flexibility is necessary for such plants, since they com- 


inits 


monly are required to operate on a variety of naphthas 
and heavier distillates for production of specialty products 
of precise specifications. Spec ial design was required here 
too, because the material charged to the unit had been 
treated 


products ready for marketing, lt 


and the fractions produced were to be finist ed 
mmsure 


take 


The unit produces an 


was necessary to 


that no overheating of the charge material would 


place and result in off-test products 


overhead stream, four side streams and a residue, The 
overhead product may be rubber solvent or low-endpoint 
gasoline, depending on the characteristics of the charging 
stock. The four side streams are naphthas of various char- 
acteristics as desired. They each can be made of narrow 
boiling range and well fractionated. Three simultaneous 
side streams to specifications have been produced from 
the tower, 

In view of the fact that complete vaporization of most 
of the various charging stocks takes place at a temperature 
below 450° F., it was logical to reverse normal flow of 
material through the heater by passing it first through the 
high-heat input section of radiant tubes, then through the 
semi-radiant roof tubes and finally through the convection 
bank where vaporization was allowed to take place. By the 
use of this flow the temperature distribution was good and 
it was possible to effect complete vaporization of the charg- 
ing material without reaching a peak temperature which 
would be injurious to the material being handled. The 
maximum temperature required for complete vaporization 
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Figure 23G. Special Naphtha Rerun Unit 
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Figure 22G. Cracked Gasoline Rerun Unit 















































Figure 24G. Supertractionation Unit 


is so low that there is no sacrifice of furnace efficiency 
when using the reversed flow described. 

The SUPERFRACTIONATION of NAPHTHA FRAC 
TIONS to separate the high-octane branched-chain com- 
ponents from the low-octane components was developed to 
produce aviation blending stocks, The process also is used 
for the production of high-octane motor gasolines. 

In an installation by E. B. Badger & Sons company, Bos 
ton, Figure 24G, a naphtha cut containing compounds 
ranging from normal pentane through normal heptane was 
charged to a series of superfractionators, Normal pentane 
was taken overhead in the first column and the bottoms 
containing isohexane through normal heptane was charged 
to the second superfractionator. Here isohexane was ob- 
tained as an overhead product, and the bottoms, charged 
to a third column, weré split into normal hexane overhead, 
and isoheptane and heavier as bottoms. The isoheptane 
was taken as the overhead in the last column. 

In some cases, due to the large number of plates and 
the resultant height, a fractionating column was split into 
two sections, with the vapor from the first section passing 
into the base of the second section, and with reflux pumped 
from the base of the second section into the top of the first 
section. In the flow sheet, for simplicity, the columns are 
shown as single units. 

The HYPE RSORPTION Process is employed for the 
separation of hydrogen, light hydrocarbons and other gas 
eous compounds, In some cases, it possesses advantages 
with feed stocks which readily 
handled by conventional fractionation procedures. Union 
Oil Company of California, Los Angeles, owns the basi 
patents for the process. Foster Wheeler Corporation, The 
Fluor Corporation, The Lummus Company, and The Ralph 
M. Parsons Company all have been licensed to carry out 
engineering services on Hypersorption installations. 


are not or economically 


The process employs a moving bed of activated carbon 
granules and depends on the ability of this material 
selectively to adsorb heavier hydrocarbons or larger mole- 
cules to a degree than light hydrocarbons or 
smaller molecules. Several commercial installations of the 
process are now in operation, and others are in various 
stages of design and construction. The flow diagram, Fig 
ure 25G, shows that the unit has three major sections: 
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a cooling section at the top, an adsorption and rectifying 
section in the middle, and a steam stripping section at the 
bottom. A gas lift is employed to convey the granular 
charcoal from the bottom of the unit to the top in a closed 
evele of circulation. 

The feed gas enters through a distribution plate and 
passes upward counter-current to the moving bed of acti- 
vated charcoal. In its passage through the bed, the heavier 
compounds are adsorbed and retained on the charcoal. 
The top product gas, comprising the lightest constituents 
in the feed, disengages from the charcoal below the cooler 
and passes off through a cyclone. The charcoal passes 
downward below the feed point to the rectifying section 
where it contacts a reflux of heavy constituents, separated 
in the stripper which serves to liberate lighter constituents 
adsorbed on the downward-moving charcoal. A concentra- 
tion of these latter constituents in the vapor phase results 
and if desired they can 
product gas at a point between the feed and bottom product 
gas disengaging sections. As the charcoal flows past the 


be disengaged as a side-cut 


bottom product gas disengaging section into the steaming 
section, it meets an upward flow of steam which liberates 
the adsorbed heavy components, and these flow upward 


ok Pumct gas 
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Figure 25G. Hypersorption Process 
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Stratco Alkylation Contactors and Heating 
Systems, standard oil refinery equipment for 


many years, now have been adapted to grease 
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For Improved Gasoline Quality 
use Du Pont Gasoline Additives 


..-@ complete line to meet every need 


Du Pont’s complete line of gasoline additives makes 
it possible for you to meet your various needs— 

and obtain your entire requirements from one 
dependable source. These additives have been proved 
by many years use in the field. They are compatible 
with each other and are of uniform high quality. 

Du Pont District Laboratories, one of which serves 
your territory, will gladly assist you in evaluating 
your fuel and in making the proper 
recommendations. Write the nearest District 
Office for additional information on this 
complete line of gasoline additives. 


Tetraethyl Lead Compounds 
-.- Motor Mix .. . Aviation Mix 


Du Poni Tetroethy! Leod Compounds are 

bocked ‘by 25 yeors manufacturing exper.- 

ence. Friendly, cooperative assistance in the Chemical section of a District Laboratory. 
Also equipped to make octane determina- 


solution of problems involving the use of 
tions, they render many helpful services. 


TEL ore a part of the comprehensive services 
Du Pont offers in connection with its TEL 
compounds. 


Gasoline Antioxidants 
Nos. 5, 6, 22 Metal Deactivator 


All gasolines do not have the some likes and 


C ¥ lcome cotalyst in fuels, Is 
dislikes when it comes to antioxidants. That eee Se cmc jplar ong 


. easily and economically controlied with 
ts why Bulent efter yeu tree guatne Du Pont Metal Deactivator. In every case, 
ontioxidents, from which you can choose overcoming the catalytic effect of the copper 
the one best suited to your gasoline. is more economical with Du Pont Metal De- 

activator than an attempt at stabilization 
+4 with antioxidants alone. 

Gasoline Dyes 

Red, Bive, Yellow, Orange 


Du Pont Gasoline Dyes establish the identity of 
your fuels. Four colors are available and the 
uniformity of these colors is maintained by 
careful control. Through mixture of two or 
more, a wide range of shades can be obtained. 


E.1. DU PONT DE NEMOURS & COMPANY (INC.) 
Petroleum Chemicals Division « Wilmington 98, Delaware 
DISTRICT OFFICES 
Wilmington, Del.; Chicago, lil.; Tulsa, Okla.; Houston, Texas; Los Angeles, Calif. 


LABORATORIES 
Wilmington, Del.; Chicago, Ill.; Tulsa, Okla.; Houston, Texas; El Monte, Co! 


®t uv 5 eat off 


BETTER THINGS FOR BETTER LIVING 
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LIGHT HYDROCARBON RECOVERY AND SEPARATION PROCESSES 





either to return as reflux or pass out as bottom product gas 
from the hypersorber. 

The charcoal flows from the steaming section into the 
stripping section wherein it passes down through tubes 
which are heated by a circulating heat-transfer medium 
and through which steam is passed counter-current to the 
charcoal. The hottest point in the stripper is at the bottom 
of this and substantially all adsorbed 
material is removed during the passage of the charcoal 


section residual 
through this zone 

The flow of charcoal leaving the stripper is controlled 
by means of a specially designed reciprocating feeding 
mechanism which drops the charcoal into a sealing leg in 
which a level is maintained to restrict the flow of steam 
into the charcoal lift. 

A charcoal regeneration unit is provided to act in 
parallel with the hypersorber for the purpose of carrying 
out high-temperature steam treatment of the charcoal to 
maintain its activity. 

The charcoal is transported to the top of the tower by 
means of an elevator or gas-lift system and is dropped 
into the reserve charcoal hopper at the top of the unit 
The hot charcoal passes down from the hopper into the 
cooling section consisting of a tube-and-shell exchanger 
wherein the charcoal is cooled to the desired temperature 
for adsorption. 

\ part ¢f the top product gas stream from the hyper- 
sorber through the cooler and hot charcoal 
hopper serving to remove any residual water and steam 
remaining on the charcoal from the stripping operation 

Among the applications for the hypersorption process 
are the recovery of propane and heavier hydrocarbons 
from natural gas or absorption plant dry gas, the separa- 
tion of hydrogen from methane in hydrogenation and 
hydroforming plants, and the separation of the ethylene 
and ethane from hydrogen and methane as well as the 
heavier constituents of the gas streams in ethylene plants. 
In this latter application the unit takes the place of the 
so-called high-pressure, low-temperature demethanizer in 
the conventional ethylene plant. Hypersorption may also 
be used for helium, purification of carbon 
dioxide. and so on 

AZEOTROPIC DISTILLATION is a special type of 
distillation process adapted to the separation of a mixture 
of compounds that cannot be readily segregated by the 
More conventional distillation procedures. Such mixtures 
may be composed of either 1) components having essen 
tially boiling points such as heptane, boiling 
point 98.5° ¢ and methyl cyclohexane, boiling point 
100.9° C.. or 2) components that form azeotropes among 
themselves such as cyclohexane and benzene which give a 


passes up 


recovery of 


the 


same 


constant boiling mixture (azeotrope) distilling at 77.7° C 
The usual petroleum fractions encountered in normal 
refinery practice represent a combination of both of the 
above conditions, In many cases, essentially pure com- 
pounds can be recovered from such mixtures by adding a 
carefully chosen material, termed an azeotrope former, 
which will alter the relative vapor pressures of the com- 
ponents in such a manner that upon distillation one of the 
components is obtained separately from the others. 

The production of nitration-grade toluene from petro- 
leum fractions is an example of azeotropic fractionation 
Toluene occurs naturally in the distillates from certain 
crudes and the quantity can be considerably increased by 
the catalytic distillates, By 
mixture of methyl ethyl ketone and water to these toluene 


it is a relatively simple matter to 


treatment of such adding a 
containing distillates. 
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Figure 26G. Azeotropic Distillation Process 


recover toluene of 99-+- percent purity with yields in excess 
of 95 percent, The accompanying flow diagram, detailing 
the recovery of toluene from petroleum fractions, is illus- 
trative of azeotropic-fractionation technique generally, and 
was based on a commercial plant having an on-stream 
efficiency of 98 percent. 

The flow diagram, Figure 26G, shows an operation 
conducted during the past war by Union Oil Company of 
California, Los Angeles. This company holds basic patents 
which are available through a licensing arrangement simi- 
lar to that of the Hypersorption process. Toluene-contain- 
ing fraction and the azeotrope former, a mixture of methy! 
ethyl ketone (MEK) and water, are introduced into the 
azeotroping column. The constant-boiling mixtures of non- 
aromatic hydrocarbons, water and MEK pass overhead. 
giving a bottoms of substantially pure toluene, The over-all 
recovery of toluene, based on the toluene present in the 
feed stock, is above 95 percent. 

The overhead product from the azeotroping column is 
washed with water to recover the MEK. The dilute MEK 
solution from the extraction tower passes to a recovery 
column where the MEK-water mixture used as the azeo- 
trope former is distilled overhead and recycled to the 
azeotroping column. The water from the bottom of the 
recovery column recycles directly to the extraction column 
The initial charge and make-up of this azeotrope former 
constitute a very small portion of the investment and 
operating expense of the plant due to the low cost of the 
MEK and the fact that essentially 100-percent recovery is 
effected in plant operations. 

While the azeotropic process has been described for the 
segregation of toluene from a petroleum fraction the same 
general procedure is applicable to the treatment of many 
other mixtures such as the recovery of benzene and xvlenes 
from petroleum fractions, the separation of aromatic 
hydrocarbons from thiophenes, paraffins from naphthenes, 
alcohols from ketones, and similar uses. 
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greatly speeds up tube checks. 


Lmproved- HIGHER PROBE SPEED 
Lnproved- MULTI-PURPOSE PROBES 
Limproved- SIMPLE, PRECISE CONTROL SETTINGS 


Probolog is the much-discussed electronic in- 
strument which makes visible, permanent 
records of the condition of individual, non- 
magnetic tubes in heat exchangers and other 
tubular equipment. 

After several years of commercial service, 
Probolog has earned a unique record of reduced 
maintenance costs, of unfailing accuracy and 
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safety in the inspection of tubular equipment. 

Shell has now added several improvements 
to the original Probolog, making it even more 
precise, more versatile and easier to use. 

A new booklet contains a comprehensive 
description of Probolog and its operation. 
Please use the coupon. Demonstration can be 
arranged. 


2 Shell Development Company, Incorporated 
B50 West 50th Street, New York 20, New York 


g Please send me a copy of ““The Probolog.” 
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ALLOY STEEL 


SAE 4140—CHROME MOLY HEAT TREATED TO ASTM SPECIFICATIONS 
A-193, GRADE B7—EACH STUD STENCILLED. 


CHROME MOLY VANADIUM HEAT TREATED TO ASTM SPECIFICATIONS 
A-193, GRADE B14—EACH STUD STENCILLED. 





HEXAGON NUTS 


AMERICAN STANDARD HEAVY SERIES — COLD PUNCHED 
SEMI-FINISHED ASTM A-194—CLASS 2-ASTM A-194 
—CLASS 2 H. 
THREADED-COARSE THREAD—8 PITCH, 12 PITCH AND WHITWORTH STANDARD. 





STAINLESS STEEL 


TYPES 303, 304, 316 AND 347 — BAR AND NUTS IN STOCK. 
HEX HEAD BOLTS IN TYPE 304 IN STOCK. 





BRASS AND MONEL SPECIAL STUDS 


STUDS AND NUTS SEND US YOUR DRAWINGS 
FROM STOCK. FOR PROMPT QUOTATIONS. 





Manufactured by 


ERIE 
MANUFACTURING 
CORPORATION q711 Clinton Dr 


Phone PReston 3135 
p. O. Box 2637 
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FOR THAT TO UGH 


MIXING JOB... 








& MIXCO MIXERS 


THE ACCEPTED STANDARD IN PROCESS WORK 


Lightnin and Mixco Top Entering Mixers are specifically designed to be 
permanently mounted on open or closed, vacuum or pressure tanks. 

They are equipped with standardized drives especially designed for mixing 
service with a minimum of maintenance cost. Every unit is delivered as a complete 
package, ready to install and operate. Built into them is Mixing Equipment 
Company’s experience covering over a quarter of a century. 

A wide range of sizes—1 to 50 H.P. with propeller type and turbine type 
impellers as well as paddles are available. Furnished in various materials to meet 
your specific operating conditions. 


Side Entering 
1 to 25H. P 
for use on 
tanks up to = 
5,000,000 gals ky 
capacity 
Portable Mixers 
Y% to 3H. P. 
Electric or air 
driven, gear 
or direct drive 








PROCESS ADAPTED 
LIGHTNIN & MIXCO MIXERS Wate titer. 


ARE NOW USED FOR... 
Mixing 

Dissolving 

Suspending Solids 
Emulsifying 

Heat Exchange Improvement 
Washing 

Reacting and Precipitating 
Extracting 

Liquid Gas Contacting 


Batch or Continuous Treating SEND NOW FOR THIS TECHNICAL LITERATURE 
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MIXING EQUIPMENT CO., INC., 
1064 GARSON AVE., ROCHESTER, N Y 
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e7 nc. (C.D 8-76 Side Entering Mixers € 8-75 Portable Mixers 
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1064 GARSON AVENUE 


Complete Refinery Catalog Binder [1] DOH-50 Laborotory Mixers 


ROCHESTER, NEW YORK q (C) 8-78 and 8 89 Top Entering Mixers 


IN CANADA: WILLIAM AND J. G. GREEY LIMITED, TORONTO i - 
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Solvent Refining Processes 





‘ 

_ refining methods in recent years have brought 
about radical improvement in the processing of lubricating 
oils, have been effectively used in the preparation of feed 
stocks for catalytic cracking, and serve in a variety of 
special applications for the separation of close-boiling 
hydrocarbons which could not be accomplished in con- 
ventional distillation apparatus. 

In solvent refining, hydrocarbon mixtures are separated 
on the basis of their relative solubilities. Aromatic com- 
pounds, naphthenic compounds, and paraffinic compounds 
can be segregated without regard to volatility or the possi- 
bility of the thermal decomposition effects which often 
make distillations of heavy oils difficult. The processes 
are physical in nature, the chemical character of the 
various hydrocarbons remaining unchanged. 


Lubricating Oil Processes 


In lubricant manufacturing the good properties of paraf- 
finic materials are sought. By the modern solvent refining 
processes oils of any desired quality can be uniformly 
produced from a wide variety of crude oils, with the 
percentage yield being the principal variable. The yield 
is directly dependent on the quantity of oil of the desired 
quality present in the origiral stock, No physical changes 
occur in the solvent refining processes, but only the sepa- 
ration of different groups of hydrocarbons. The develop 
ment of the solvent processes has to a large degree elim- 
inated the sharp distinctions once made between different 
crude oils on the basis of their suitability for lubricating 
oil manufacture. Now crude oils are evaluated more nearly 
on the amount of lubricating oil of specified quality which 
they will yield. The old practice of classifying crude oils 
is either suitable or unsuitable for high quality lubricat- 
ing oil manufacture is more or less obsolete. 

The DUO-SOL Figure 1S, licensed by Max 
B. Miller & Company, Inc., New York, is a system of 
extraction in which two partially solvents of 
different specific gravity flow counter-current to each other 
through a series of extraction stages, with the admission of 
the charge stock at an intermediate point in the system. 
The immiscibility of the solvents produces two layers of 
sufficient specific gravity difference to allow gravity sepa 
ration in each of the extraction stages. The lighter layer 
is designated as Raffinate and the heavier layer as Extract 
Propane, the raffinate solvent, is pumped into the first 
with the extract layer from the 
a blend of phenol and 


process, 


miscible 


extractor, E-1, together 
second extractor, E-2, “Selecto.” 
cresol is pumped into the last extractor, E-7, together 
with the raffinate layer from E-6. The extract layers are 
pumped through the system and the raffinate layers flow 
by pressure differential, Separation into layers in the indi- 
vidual extractors is obtained by a shallow box-type settling 


The 


rates to 


chamber extending the whole length of each extractor 
is maintained at less than turbulent How 
The crude charge is pumped into E-3 
from | and extract 
extraction permits the 
2. all raf- 


finate material, resulting in the maximum yield of a given 


velocity 
illow settling 
together with the raffinate laver 


from E-4+. This 


propane to remove in stages E-1, I 


counter-current 
traces of 


quality of oil 

The solvents propane and Selecto are removed from the 
extract and raffinate layers by distillation in raffinate and 
extract evaporators, The final traces of Selecto are removed 
by a steam stripping in towers 


The Duo Sol process ts commert ially employed for the 


production of a full line of motor oils by continuous 
operation on a single long residual charge stock, which 
after extraction, is continuously dewaxed and rerun to 
final products of desired viscosity specification. Commer- 
cial units have run continuously in this manner for as 
long as ten years on the same long residual charge stock, 
varying operation conditions to meet market requirements 
and interrupting operating only for periodic inspection and 
maintenance, Such operations indicate the flexibility of the 
process which can be used to refine both distillate and 
residual stocks. Distillate oils may be processed with high 
yield and thruput. In the case of bright stocks the process 
can charge short residual stocks and produce premium oils 
of high viscosity index, low carbon residue, and light and 
stable color. As an example of flexibility, in the space of 
a month and a half one commercial plant has treated satis- 
factorily a light and a heavy Colombian distillate having 
gravities of 21.2° API and 19° API respectively, an Okla- 
homa City distillate having a gravity of 28.8° API, and 
an Oklahoma City residuum having an API gravity 
of 21.0°. 


Typical Data from Plant Operations 


East Sen | 

Texas- Joaquin East 

' Leng | 
Residuum 


Van 
Zandt Iraq 


ag Leng 
Residoum Resideum 


Texas | 
Distillate 


ma | 
Resduum 





Charge Steck | 
; S.T.M 5.2 | 49 B 148 

Vis. @ 210° F. SUS 760 257 

V.G.C 876 893 

Flash (°F 505 470 

Raffinate—  Dewaxed 
Gr. (AS.T.M 26.5 29.1 
Vis. @ 210° F. (SUS 143.3 61.0 
V.G.C sn SON 
vii 95 uw 
Pour 0 0 
Color (A.3.T.M 4% 
Duo-Sol Yield percent by Vel 47 
Extract 


Specific Gravity 1.0177 1.000 


The FURFURAL REFINING licensed by 
Texaco Development Corporation, New York. 

Furfural is used as an extractive solvent for refining a 
wide range of lubricating oils of any viscosity, and diesel- 
fuel oil. Furfural is especially suitable for such uses 
because its high degree of selectivity for the undesirable 
components of petroleum oils is accompanied by low 
solvent power for the desirable components, It is unique 
in this respect, The addition of water or a “modifying” 
solvent is not required to control this solvent power. 
Furfural also has stability, low availability and 
desirable physical characteristics. It is non-acidic and non- 
Its boiling point is sufficiently low (325° F.) to 


process is 


cost, 


toxic, 
permit recovery from the lowest-boiling-point lubricating: 
oil stocks and from diesel-fuel oil or furnace oils without 
solid 

( 38° F.) eliminates the danger or solidification in lines 
or tanks in cold weather. The high specific gravity of 
furfural insures rapid and complete separation at normal 
operating temperatures in extraction towers of relatively 
small diameter. The critical solution temperature of fur 
fural is high enough to permit its application to waxy or 
viscous oils at temperatures that insure treatment in a 
non-viscous, completely liquid state. 

A typical furfural-extraction unit 
prises an extraction section, a raffinate-recovery section, 
an extract-recovery section, water-removal facilities. 
process surge tanks and pumping equipment. Furfural 
however, lends itself to a variety of methods of recovery 


appreciable loss of oil or solvent, Its low point 


(Figure 2S) com 
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in Britain 


HAD WRIGHTSON PROCESSES LIMITED are Accredited Engineers 
for Leading American Refinery Processes including Thermal and 
Catalytic Cracking and Reforming, Solvent Extraction and Dewaxing, 
Desulphurisation, Chemical Treating, Continuous Charcoal Adsorption, 
ete. . . . All Plants engineered in strict accordance with American 
practice, and to American Codes. . . . Eighteen plants, including 
some of the largest Solvent Extraction Plants in the World, and the 
first large scale Carbon Black factory outside the U.S.A., all 


engineered by Head Wrightson Processes Ltd., are now in course of 





construction. Our services comprise engineering, purchasing, 


yrogressing, inspection, shipping, and supervision of erection. 
prog £ I ping 


Head Wrightson Processes Lid. 














TODAY THERE ARE MORE THAN 
550 ISO-FLOW HEATERS 
INSTALLED AND IN SERVICE 
THROUGHOUT THE WORLD 


A decade ago, Petro-Chem’s Iso-Flow Heater was only an idea 
—not yet out of the blueprint stage. Today, in the process and 
refining industries, more than 550 of these units are proving the 
soundness of that basic idea. What accounts for this worldwide 
acceptance of the Iso-Flow—in less than ten years? 

Two things, primarily: 

* Sound design, which reduces the ground space occupied 

and, at the same time, provides uniform heat distribution, 
high efficiency, low-cost operation. 
Great versatility, which makes these heaters suitable for 
the most delicate services—and the most rugged. Iso-Flows 
in service have fluid outlet temperatures ranging from 200 
to 1600 F, and outlet pressures from subatmospheric (in the 
heating elements) to 1500 lb gage. 

For the full story of these Iso-Flow advantages—and many others 

—call Bethlehem Supply. One of our engineers will gladly sit 

in with your staff and discuss all angles—or render any assist- 

ance you need in planning an installation. 
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BETHLEHEM SUPPLY COMPANY 


General Offices: 21 E. Second Street, Tulso, Okla. 
Subsidiary of Bethiehem Stee! Corporation 
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SOLVENT REFINING PROCESSES 





from raffinate and extract solutions. Different solvent- 
recovery systems have been developed to provide maxi- 
mum operating economy for specific installations. A tower 
is used to provide fractionation between the relatively 
insoluble, desirable lubricating-oil fractions and the more 
soluble. undesirable fractions. Untreated oil is introduced 
into this continuous countercurrent extractor at some mid 
point and at a predetermined temperature of from 110 
to 200° F. The temperature of the furfural charged neat 
the top of the extractor varies depending on the charge 
stock, up to 290° F. or higher, A substantial temperature 
gradient is maintained between the top and bottom of the 
tower by indirect water coolers provided to control the 
temperature spread. 
The extraction tower 
vailing oil phase through which the dispersed furfural 
phases passes downw ard over Ras« hig ring nests w hic h 
afford an extensive surface of contact between the phases 
This, in turn, promotes rapid and relatively complete 
equilibrium by interchange between the phases without 
pumping equipment. The concen 
constituents in the furfural 


generally is operated with a pre 


mixing or 
tration of undesirable 
phase increases toward the bottom of the tower from which 
Conversely 


mechanical 
oily 


the extract solution is withdrawn continuously 
the oil quality improves toward the top of the tower from 
which practically all oil of predetermined raffinate quality 
that is present in the charge stock. overflows with a small 
percentage of furfural dissolved in this phase 

Further improvement in fractionation between desirable 
and undesirable constituents has been secured by the con- 
trolled recirculation of extract. The recirculated extract 
serves to sharply fractionate oil from the extract solution. 
This oil rises again to the refining zone for re-extraction 
and consequent improvement in raffinate yield. 

The recovery of solvent is accomplished by continuous 
distillation of furfural from the raffinate and extract 
phases in the respective recovery sections followed by 
steam stripping of each product. The overhead condensate 
from the steam strippers separates into two furfural- 
water layers, one rich and the other lean in furfural. The 
recovery of furfural from water is accomplished in a 

tsimple continuous fractionating system in which dry 
ifurfural is removed from the bottom of one tower and 
} water from the bottom of another tower, taking overhead 
ifrom each a constant-boiling mixture of water and fur- 
fural which is condensed and returned for redistillation 

The PHENOL EXTRACTION 
through The M. W. Kellogg Company, New York, under 
patent rights of Standard Oil Company (New Jersey). 
Union Oil Company of California, Standard Oil Company 
(Indiana), and The M. W. Kellogg Company. 

It is a liquid to-liquid process for improving the vis- 

oxidation resistance, and for reducing 
the carbon and sludge-forming tendencies of lubricating 


process is licensed 


cosity index and 
oils made from crude petroleum 

The process is employed successfully either before o» 
after dewaxing on both distillate and residual oils from 
all types of crudes. The selective solvent—phenol—gives 
high yields of 
stability. The 
losses, The high solvent power of phenol necessitates only 


exe eptional 


lov 


desired products and has 


solvent is continuously re-used with 
comparatively low ratios of solvent to oil 

Modern continuous phenol extraction plants employ a 
vertical high oil 


charge rates per square foot of cross section. Heat require 


countercurrent extraction tower with 


ments are reduced by utilizing heat from the condensing 


TREATING 
1 R 

«~ 

, 


i= 

















STRIPPER 














RAFFINATE 
FURNACE 

















RAFFINATE 
SURGE 











Rarrinare 
Ts 


Figure 3S. Phenol Extraction Process 


phenol vapors to vaporize solvent going to the extract- 
recovery system. 

In this process (Figure 3S) the feed stock flows first 
through a phenol absorber tower to remove the remaining 
phenol from process water being discharged from the 
plant. The feed flows from the absorber to the treating 
tower which it enters at an intermediate tray. Dry phenol 
enters at the top tray. Raffinate phase leaves the tower 
top to a storage drum. It is fed through heat exchange 
with treated raffinate oil to a furnace and flashed into the 
evaporator section of the raffinate tower at near atmos- 
pheric pressure. Phenol vapor from this section flows to a 
condenser and storage tank. 

The raffinate oil flows down to a section where it is 


Typical Phenol extraction yields, treating conditions, and 
product qualifies for several stocks. 


Deasphalted West 


East Texas 


S 
Residue 


Deasphahted 
Edmonds Oblaboms 
SAE 40 Cit 


East Texas 


Neutral Steck Residue 





Solvent Quantity, Vol. Percent 300 | 128 213 | 227 
Treating Temperature, °F 245 168 201 200 
Raffinate Yield, Vol. Percent 64.5 74.1 88.2 82.2 


laspections Untreated Oil 

API Gravity 23.0 26.2 28.3 23.8 
Vis. at 210 °F 159.0 44.5 774 156.6 

Color—NPA 7 4 

Carbon Residue, Percent 1.96 0.73 

Flash COC, °F 500 § 595 

Fire COC, °F 680 5 

V.G.¢ 833 

Dewaxed (Zero Pour) V. I 59 


Raffinate Ou 

"! Gravity 
SSU Vis. at 2 
Color—NPA 
Carbon Residue 
Flash COC °F 
Fire F 
V.G.f¢ 
Dewaxed (Zer 
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D. Mise. length socket. Give “X di 
mension 

E. Mise. length socket with extension 
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SOLVENT REFINING PROCESSES 





steam stripped free of solvent and withdrawn as bottoms 
to storage, Steam and solvent vapors flow from the strip- 
ping section to a surface condenser and vacuum equipment. 


The extract phase from the bottom of the treating tower 
is pumped through heat exchange against phenol vapors to 
enter a drying section in a phenol tower where all water 
is removed as constant-boiling phenolic water vapor. This 
phenolic water vapor is condensed and enters the phenolic- 


water drum from which is drawn reflux for the drying 
section, as well as the water required for modification of 
solvent at the bottom of the treating tower. Dry extract 
solution is pumped from the bottom of the phenol towe: 
to a top evaporator section where a portion of the phenol 
solvent is flashed off. The remaining extract solution is 
pumped from a pan in the evaporator section through a 
furnace coil which serves as a reboiler, Extract oil con- 
taining a smal! amount of dissolved phenol flows from 
the evaporator section to an extract steam stripper where 
the last traces of solvent are removed. Stripped extract is 
withdrawn to storage. 
The EDELEANL 
dioxide as a solvent, has been used commercially 
1911 for refining petroleum products. Its first application 
was for the production of high-grade kerosines from 
highly aromatic and sulfur-bearing crude kerosine distil- 
lates. Advantages over heavy acid treatments with their 
attendant high hydrocarbons led to its eventual 
application to the entire range of petroleum products. 
All fractions of mineral oils may be extracted. The low 
boiling point of sulfur dioxide (14° F.) makes the 
problem of recovering the solvent relatively simple even 
boiling range are 


sulfur 
since 


liquid 


process, employing 


loss of 


though hydrocarbons in the gasoline 
treated. 


The flow 


cooperation of | B 


Figure 4S, presented through the 
Badger & Sons Company, Boston, 


diagram, 


shows the essential equipment in a typical Edeleanu Unit. 
The plant consists of the following main sections: 

1) Counter-current extraction tower for contacting oil 
and solvent. 

2) Equipment for the recovery of the small amount of 
solvent which dissolves in the refined oil. 

3) Equipment for recovery of the bulk of the solvent 
which leaves the extraction equipment in the extract. 

+) Equipment for cooling oil and solvent, compressing. 
recondensing and dehydrating the solvent. A simple sys- 
tem for continuously dehydrating the liquid sulfur dioxide 
eliminates corrosion. With minor exceptions, ordinary 
steel equipment is used throughout the plants. 

Liquid sulfur dioxide preferentially dissolves aromatic 
hydrocarbons. It has a less definite preference for naph- 
thenic hydrocarbons and little solubility for paraffines. 
The degree to which naphthenes and paraffines are dis- 
solved depends upon the temperature of extraction and 
the boiling range of the stock being treated. The lower 
the extraction temperature, the less paraffines and 
naphthenes will be dissolved. The lower the boiling range 
of the material being extracted, the greater will be the 
solubility of the SO, for paraffines and naphthenes, Gen- 
erally, therefore, lower-boiling materials are treated at 
lower temperatures than higher-boiling ones. 

The extraction by liquid sulfur dioxide of naphtha is 
commercially accomplished at temperatures varying 
from +10° to —60° F. The raffinates will be practi- 
cally free of aromatics and frequently are sold as special 
solvents (vm&p naphthas, Stoddard solvent, etc.) or are 
reformed. The extract generally will have an aromatic 
content of from 55 to 85 percent, depending on the 
temperature employed and will be of high octane number 
and of high solvency power. By the addition of another 
processing step the aromatic content may be increased to 
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Figure 4S. Edeleanu Treating Process 
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Figure 5S. Nitrobenzene Process 


over 99 percent. This form of the process has been used 
to produce pure toluene from petroleum fractions. 

The widely increased use of diesel engines has stirred 
interest in the Edeleanu process for the production of 
better diesel fuels. Higher cetane numbers and lower car- 
bon residues and sulfur contents are obtained in SO, 
raffinates produced either from straight-run or from 
cracked gasoils. 

A further indicated use of the process is for the 
extraction of catalytic cycle stocks. The SO, raffinate is 
substantially as good a cracking stock as the original 
virgin-gasoil charge. The extract produced is a highly 
aromatic and refractory material which will crack only to 
a very low yield of gasoline and is best diverted directly 
to fuel. The use of the SO, extraction step will result in 
obtaining highest overall gasoline yield with the least use 
of cracking-plant capacity. 

A large portion of the installed capacity in Edeleanu 
units is used for the production of high-quality kerosines 
from aromatic and high-sulfur crudes. These operations 
generally are conducted at 10° or 20° F. In this use of the 
process a kerosine raffinate of excellent color and burning 
characteristics is produced, and the aromatic extracts also 
may be sold at a premium. 

The NITROBENZENE EXTRACTION process for 
separating the high grade lubricating oils, present in 
either the lube distillates or the residuum of any crude, 
from low grade components was developed and is operated 
commercially by The Atlantic Refining Company. 

Highly paraffinic compounds are practically insoluble 
in nitrobenzene, asphaltic and highly naphthenic com- 
pounds are very soluble, while compounds of intermediate 
character have solubilities between the two extremes. 
When oil is mixed with nitrobenzene the least desirable 
components are most readily dissolved and removed. 

Nitrobenzene has a high specific gravity and a low vis- 
cosity at the temperatures employed for extraction, As a 
result, mixing and settling in the extractor system are 
rapid and complete. The boiling point is low enough to 
permit a complete separation of solvent and oil by simple 
evaporation and steam stripping. Nitrobenzene and water 
are practically immiscible and the separation of the 0.2 
percent of solvent dissolved in water is very simple. At 
operating and storage temperatures the solvent has low 
volatility, so that losses are small. 
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Essentially the process, Figure 5S, consists of two steps: 
contacting charge oil with nitrobenzene in a multistage 
counter-current extractor, composed of a series of mixers 
and settlers; and then recovering the nitrobenzene from the 
raffinate and extract solutions. The raffinate solution con- 
tains the paraffinic fraction of the charge stock in which 
some nitrobenzene has been dissolved, while the extract 
solution consists of nitrobenzene and the undesirable 
material which it has dissolved. 

In general, oil of any desired quality can be obtained 
from any distillate or residuum which contains any oil 
of this quality. Quality is dependent on the degree of treat- 
ment. The yield depends on the composition of the charge 
stock and the quality of product desired. 

Charge stocks varying from light distillates (150 $.S.U. 
viscosity at 100° F.) to heavy residuums (950 S.S.U. vis- 
cosity at 210° F.) have been successfully processed. The 
color reduction obtained ranges from 60 to over 90 
percent. The quantities of nitrobenzene required vary from 
one-half volume per volume of charge oil. rarely exceed- 
ing two volumes per volume of charge oil. 

A typical waxy Mid-Continent SAE 30 lube distillate 
would be processed with a 1:1 solvent-to-oil ratio at 50° F. 
extractor temperature. Such a charge stock 25.5° API 
gravity, 43, Dilute ASTM Color, 75 S.S.U. viscosity at 
210° F.. and 0.828 VGC. would process to a 75 percent 
raffinate yield of 30.2° API gravity, 31. ASTM color, 
63 S.S.U. viscosity at 210° F., 0.798 V.G.C.. and 100 V.I. 
after dewaxing to 0° F. Pour. The extract oil would test 
13.0° API, 146 S.S.U. viscosity at 210° F., ard 0.919 
V.G.C. 

The paraffinic oil made will have a higher API gravity, 
a better V.G.C. and V.I.. a much lighter color and lower 
carbon residue than the charge stock. 

The PROPANE DEASPHALTING process utilizes 
liquid-to-liquid extraction with propane as the solvent for 
the purpose of separating asphalt, color bodies, and other 
undesirable constituents from reduced crudes, and for 
fractionating the clean oil thus produced into portions 
having different viscosities which may be subsequently 
further refined to finished lubricating oils. 

The M. W. Kellogg Company has been appointed 
licensing agent for the process for the United States and 
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LimiTORQUE MOTOR OPERATED VALVE CONTROLS 
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all over the world 


“LimiTorque"’ operates by the “‘push of a but- 
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... prevents damage to stem, seat, disc, gate or ey ys 4. Button 
plug, because the Torque Seating Switch limits 33 aggre? 
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before trouble can occur. Thousands are in on LimiTorque Valve 
Controls will be sent 

daily use on land and sea. wpon request. When 
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through Valve Manufacturers. "Type “SM” LimiTereue 


The word “‘LimiTorque” has a definite 
meaning because an exclusive patented 
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Figure 6S. Propane Deasphalting Process 


foreign countries. Licenses granted are under the patents 
and patent rights of Standard Oil Company ( New Jersey), 
Union Oil Company of California, Standard Oil Company 
(Indiana) and The M. W. Kellogg Company 

Early propane deasphalting plants were of the so-called 
stage type, in which the reduced crude was contacted with 
propane in one or two stages without appreciable counter- 
current action. These plants made possible the separation 
of a considerable amount of hard asphalt from reduced 
crude but did not permit the production of deasphalted 
oils having light colors and low carbon residues suitable 
for subsequent refining with single selective solvents. 
Stage-settlers in modern plants have been replaced by a 
vertical baffled tower. By employing countercurrent flow 
of oil and propane within the tower and by controlling 
the temperature of the solution in the different portions 
of the tower, reduced crude is accurately fractionated in 
a series of stages into clean, light-colored deasphalted oil 
and high-melting point, relatively oil-free asphalt 

Oil of excellent color and low carbon residue can be 
independent of content of the 
Reduced much as 
390 percent asphalt are presently being handled by this 


produced the asphalt 


reduced crude crudes containing as 
process and light colored, low carbon residue deasphalted 
oils produced 

The process ts also employed for the fractionation of 
the deasphalted oil into two or more portions. By variation 
of operating conditions, the highly viscous oil portions of 
reduced crudes may be separated into many different frac- 
tions. 
tively 
fractions 


Because these separations are carried out at rela- 
temperatures, no cracking and the 
free from thermal decomposition 


low occurs 
secured are 
products. 

In a typical unit, Figure 6S, reduced crude is pumped 
from storage through a steam heater into the upper por- 
tion of a deasphalting tower. Propane is pumped into the 


lower portion of the deasphalting tower from where it 
flows upward countercurrently to the descending asphalt 
solution phase. Deasphalted oil solution is withdrawn 
overhead and flows first to a low-pressure-steam propane 
evaporator, and then on to a high-pressure-steam evap- 
orator. From these evaporators most of the propane is 
flashed overhead through a condenser into a propane- 
storage tank. The deasphalted oil flows from the high- 
pressure-steam evaporator into a steam stripper, where the 
remaining propane is removed, Oil withdrawn from the 
bottom of the stripper is pumped to storage. 

Asphalt solution from the bottom of the deasphalting 
tower passes through a furnace and into a flash drum 
where the greater part of the propane is flashed overhead 
to flow to the propane condenser. The asphalt from the 
bottom of the flash drum flows into a steam stripper, 
where the remaining small percentage of propane is 
removed. The asphalt product is pumped to storage. 

Stripping steam and propane vapor from the two 
strippers passes to a jet condenser where steam is con- 
densed, The propane vapors are compressed and sent to 
the propane condenser and storage tank. 


Typical Yields—Tower Propane Deasphaliting 
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Reduced Crude 

API Gravity 12.9 

SSU Vis. at 210 °F 

Car. Res., Percent 

Flash, COC °F 

Fire, COM ia 

V.G.C 
Deasphalted 

Vol. Per 


Ou: 
ent Vielk 


36.1 
1.0583 
165 


Decarbonizing 

Low carbon residue is desirable in feed stocks charged 
to catalytic cracking units, since the amount of carbon 
deposited on the catalyst in the cracking reaction is a 
principal factor in setting the throughput capacity of the 
unit. Several methods have been employed for preparing 
such low carbon residue feed stocks, including simple 
flashing, distillation, viscosity breaking, delayed coking, 
and solvent refining. Solvent refining is especially suitable 
for the purpose because in addition to the ability to pre- 
pare a very clean steck of good color properties, such 
methods also avoid temperatures that thermal 
decomposition of the feed stock, Flashing and distillation 
methods are likely to cause some decomposition since high 
temperatures are needed to vaporize heavy oils. The other 
feed preparation routes accept some thermal decomposi- 
tion as an inherent part of the process method. 

Propane DECARBONIZING is a continuous process for 
preparing low-carbon-forming catalytic-cracking feed 
stock from reduced crude. The M. W. Kellogg Company 
has been appointed licensing agent for the process for the 
United States and foreign countries. Licenses granted are 
under the patents and patent rights of Standard Oil Com- 
pany (New Jersey), Union Oil Company of California, 
Standard Oil Company (Indiana) and The -M. W. 


cause 


Petroleum Re finer 








THIS BIG JOB... 


«FIRED WITH 32 SPECIALLY DESIGNED 
TANDEM UP-FIRED OIL BURNER UNITS 


Yes, another special job by ‘“‘National Airoil.'" The two large crude oil heaters, 
as illustrated, of the floor-fired, center-wall up-draft type, are each equipped 
with sixteen of our flat flame oil Tandem Combustion Units . . . to obtain an 
even distribution of heat to all radiant wall tubes with high fuel economy. 

And these crude oil heaters have been continuously and easily operated at 
considerably above their specified designed capacity. 

Specializing in the unusual, we of ‘National Airoil'’ have a complete line 
of gas and oil burners for any design of up-fired furnace. 

Ask us about your particular installation or problem . . . we'll gladly comply 
with full information. 
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Kellogg Company. The process uses equipment similar to 
that employed by the propane deasphalting process, with 
modified operating conditions. It effects the separation of 
asphalt by a difference in solubilities at temperatures 
below 200° F. The asphalt separation is sharper than can 
be secured with vacuum distillation. No thermal cracking 
occurs and the decarbonized oil is truly a virgin stock. 

The process gives high yields of clean catalytic-cracking 
stock and satisfactorily handles heavy, high-asphalt crudes 
which might otherwise be rejected because of processing 
difficulties. Any salt in the charging stock is concentrated 
in the asphalt phase. 

The asphalt produced is a premium material for use 
in making finished asphalts for road building. 

The propane lost in the process represents only about 
0.1 percent of the propane circulated and is an unimpor- 
tant factor in over-all operating cost. 

Temperatures in the Decarbonizing tower vary from 
about 120° to 180° F., depending on the character of the 
reduced crude. 

The ratio of propane to oil by volume normally varies 
from a low of about 3:1 for heavy reduced crudes, to a 
high of 5:1 for lighter reduced crudes containing a smaller 
percentage of asphalt. 


Table of Typical Operating Results—Propane Decarbonizing 
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Dewaxing Processes 


The waxes found in lubricating oil stocks usually are 
separated to produce finished lubricants with low pour- 
points and recover wax either as a_ salable 
byproduct or as stock for further processing. The waxes 
occur through the entire boiling range of the lubricating 
oil stocks, so that separation by distillations is not possible. 
Early processes for wax removal included “cold settling” 
which utilized insulated tanks and refrigeration to settle 
the wax from a naphtha-lubricating stock solution. Later, 
almost universal practice involved the chilling of the 
lubricating oil stock, “wax distillate.” to temperatures 
low enough to crystallize the wax, wax separation in filter 
presses, the solidification of the slack” from the 
presses into a large congealed cake by a further reduction 
in temperature, and the deoiling of this wax by a 
operation using a gradual application of heat 


also to 


wax 


“sweating” 
to cause the wax to assume a needle type crystalline struc- 
ture from which the oil readily drips. These methods, still 
practiced in many refineries, in turn were to some degree 
superseded by centrifugal separation 
special machines to separate refrigerated oil and wax on 


methods using 


the basis of density differences. In recent years solvent 
dewaxing methods have come into widespread use. 

One SOLVENT DEWAXING process, Figure 7S, which 
employs a mixture of methyl-ethyl-ketone and benzol as 
the solvent, obtains a dewaxed-oil pour point equal to or 
within a few degrees of the dewaxing temperature. The 
dewaxed oils are free from wax cloud and there is no rise 
in pour point or “pour reversion” on aging. Either distil- 
late or residual stocks in the raw state or refined, of any 
viscosity, can be dewaxed. Texaco Development Corpora- 
tion, New York, is licensor of the process. 

The wax contained in lubricating oil stocks when 
properly crystalized from a chilled solution in the solvent 
mix is particularly adaptable to removal by filtration. 
Practically complete separation of oil from wax is 
obtained by use of a cold displacement wash. The use of 
a closed flue-gas system minimizes fire hazards and solvent 
losses. Dilution solvent dosages vary from a solvent-to-oil 
ratio of 1.0:1 to as much as 4:1, depending upon the 
nature and viscosity of the charge stock. 

An additional development has been the production 
of wax, without additional agents. concurrently with the 
production of low-pour-point oil, but in auxiliary equip- 
ment operated as a separate process. White crystalline 
waxes and higher-melting-point micro-crystalline waxes 
are produced from distillate and residual stocks, respec- 
tively, to meet specific requirements. 

in typical units dilution solvent is introduced intw the 
charge-oil stream in such amounts, at selected points in 
the chilling cycle, as to insure a wax crystal structure and 
liquid viscosity most suitable for filtration. The chilled 
charge mixture flows from double-pipe chillers through 
a filter-feed tank to drum-type vacuum filters in which 
compartmentized, cloth-covered drums rotate half sub- 
merged in enclosed filter cases. A wax-free filtrate solution 
is drawn through the filter cloth to filtrate tanks in which 
the vacuum which induces filtration is maintained. The 
wax cake deposited upon the drum during filtration is 
washed with cold solvent as it emerges from the liquid 
level in the filter; much of the wash solvent being drawn 
into the filtrate system toward the end of the filtration 
cycle. Just before each of the filter-drum compartments 
reaches the wax deflector, flue gas at low pressure is 
admitted through a blow-back connection to the under- 
neath side of the filter cloth. The bond between wax and 
cloth is broken and the washed wax falls into the wax- 
discharge compartment. Controllers in the flue gas piping 
maintain atmospheric pressure in the filter hood. 

The filtrate valve on the drum trunnion is so constructed 
and the filler so designed that a portion of the wash solvent 
may be returned to the charge-oil stream as a substitute 
for a portion of the dilution solvent. Occasional warm 
washing of the filter cloth is a simple operation requiring 
15 to 20 minutes and is conducted, without interruption to 
uniform flow through the plant. The warm washings, con- 
sisting primarily of solvent, generally are returned to the 
charge mixture, this further reducing the requirements for 
new solvent. 

The filtrate from the main filtrate receiver is pumped 
through the double-pipe exchangers to evaporators for the 
recovery of the solvent. Heat for evaporating the solvent 
from the dewaxed-oil solution and wax mix may be sup- 
plied by either steam or fired heaters. 

Substantially all of the water entering the system is 
crystallized and removed with the wax to the wax-mix 
surge tank where it is separated from the mix and the 
water subsequently removed from the system. 
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Don’t penalize operating efficiency by 


deferring cleaning TOO LONG! 


When carbonized oil, sludge, wax, lime-scale, rust, slime and other deposits have com- 
pletely CLOGGED your shell and tube type equipment you are immediately confronted 
with a tough, time-consuming, expensive cleaning job to restore heat transfer. 





Scheduled Cleaning Saves Time and Money 


But there is an easy way you can avoid this situation. DON’T POSTPONE OR DEFER 
CLEANING TOO LONG! Instead, clean your heat exchange equipment on a regular 
periodic basis. Doing this saves time, cuts cleaning cost. Three effective Oakite cleaning 
methods are available to you for this important and continuing maintenance work: (1) 
Circulating method; (2) Tank method; (3) Steam cleaning method. Take advantage of 
specialized Oakite materials and long years of Oakite experience in helping other re- 
fineries set up this maintenance work on a planned schedule of cleaning because heat 
exchangers can then be cleaned FASTER, deposits removed EASIER and down-time 
considerably SHORTENED. 


Oakite Technical Service Is Nationwide 


Since Oakite Technical Service involves no cost or obligation write today and ask us to 
send you our free Booklet describing heat exchanger cleaning and outlining many other 
applications of specialized Oakite materials in the petroleum industry. 


OAKITE PRODUCTS. INC., 50B Thames St, NEW YORK 6, N.Y. 


Technical Service Representatives in Principal Cities of U. S. & Canada 


Freeman 


This 32-page Booklet based on the successful use of Oakite 
materials and methods in the producing, refining, and 
marketing divisions, describes many different maintenance 
cleaning jobs. Write for your free copy today. 
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SOLVENT REFINING PROCESSES 





Figure 8S. Propane Dewaxing Process 


The process produces high yields of low-pour-test oils 


free from wax cloud. Due to low solubility of wax in the 
solvent, low-pour tests can be obtained at relatively high 
separation temperatures. Extremely low pour points can 
the difference 


separation temperature and the resultant pour point 


be obtained, due to narrow between the 
There are no corrosion or erosion problems and low 
pressure equipment is used throughout 


PROPANE DEWAXING is 


oil process for separating wax from « 


lubricating 
The solvent. 


a well-known 
rude oil 
used in the 
and as a 


propane, is the only extraneous material 


process since it serves both as a refrigerant 
solvent for the oil 


The M. W. Kellogg 


licensing agent for the process for the lt nited States and 


Company has been appointed 
foreign countries. Licenses granted are under the patents 
and patent rights of Standard Oil Company ( New Jersey). 
Union Oil Company of California, Standard Oil Company 
(Indiana) and The M. W. Kellogg ¢ ompany 

The process has wide adaptability to any type of lubri- 
cating stock, High yields of dewaxed oil of zero pour test 
xr lower and wax of low oil content can be obtained 

Oil and propane are charged continuously, Figure 8S, 
under flow control, w“ irmed to dissolve all ot the wax, and 
sent to a chilling vessel in which reduction of temperature 
to approximately 10° F. is effected by allowing propane 
to vaporize directly from the solution 

Wax out at this 
separated from the oil on a continuous 
filter 

The filter cake is washed with cold liquid propane to 
remove oil adhering to the wax crystals and then trans- 
pump to 


crystallizes low temperature and is 


rotary pressure 


ferred by means of a screw conveyor and wax 


propane-recovery equipment 


The dewaxed oil solution also is sent to a propane 


recovery unit. Both end products—dewaxed oil and wax 
are pumped from the strippers to storage tanks. 

The low cost of propane, its double-duty as a solvent 
and refrigerant, and its ease of recovery are features of 
the process which make for high efficiency. 

Propane dewaxing may be employed in combination 
with propane deasphalting and acid treatment in propane 
solution. 


Propane Dewaxing Process 


’ 
Propane Propane 
Deas Deas 
Phenol Treated Phenol Treated 
West Edmonds | Oklahoma City 
SAE 70 Stock | SAE 40 Steck 


Propane 
Deasph 
Phenol Treated 
15% East Texas 
Reduced Crude 


Phenol Treated 
East Texas 
Heavy 
Distillate 


ropane, Volume Percer 250 300 
Filtering Temperature, °F 35 40 
Dewaxed Oil, V Percent 5 67.7 85.5 


Inspections Waxy Ou— 
API Gravity 2 su 274 


Dewared Oil 
I Gravit 


Viscosity Ir { 


\ 
VGA 


Special Extraction Processes 


Besides these applications of solvent refining methods 
to lubricating oil manufacture and to deasphalting of 
cracking unit feed, there are many cases where the sepa- 
ration of hydrocarbons by group types is essential and 
may constitute the only practical route for the manufac- 
ture of a product. One example is the extraction of toluene 
from selected crude oils or from hydroformer effluent 
This separation could not well be accomplished by dis 
tillation the present have similar 
boiling points. 

Developments in the manufacture of 


because components 
petrochemicals 
bring many more such cases into prominence. The plants 
currently under the manufacture of 
synthetic gasoline are expected to yield large volumes of 
oxygenated chemicals that will present complex fraction- 
ation and separation problems and solvent separation 
methods should prove especiatly useful 

Perhaps typical of the trend in solvent refining methods, 
FRACTIONAL LIQUID EXTRACTION is a process which 
is well suited to the separation of certain compounds which 
cannot be separated by ordinary distillation but can be 
separated on the basis of differences in the solubilities of 
its components in selected Solubilities are a 
function of molecular structure and are completely inde 
pendent of boiling points. Thus, it is possible to separate 
all the aromatic compounds from the paraffinic and 
naphthenic compounds, or all the paraffinic compounds 
from the naphthenic and aromatic. The first type of 
operation is required in the recovery of toluene from the 
crude oil fraction or from a hydoformer effluent. The 
second type of operation is used in the refining of lubri- 


construction for 


solvents, 


cating oils. 

A new type of liquid extraction column developed by 
E. G. Scheibel of Hoffman-LaRoche, Inc.. Nutley, N. J., 
and available for genera] commercial use through Otto 
H. York Company, Inc., East Orange, N. J.. is said to 
provide an equilibrium stage in liquid extraction in about 
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Figure 9S. Fractional Liquid Extraction Process 


the same column height as required for a theoretical plate 
in conventional distilling columns. 

The recovery of toluene by fractional liquid extraction, 
Figure 9S. is typical of the processing methods em- 
ployed to make separations by solubilities. The toluene- 
rich fraction is separated in the fractional liquid ex- 
tractor by the counter-current flow of a high-boiling 
paraffinic solvent and phenol. In the section of the column 
above the feed the descending stream of phenol extracts 
the aromatics from the paraffinic solvent and the solution 
leaving the top ofthe column contains the paraffins and 
naphthenes in the feed. These are separated in a paraffin 
stripper. Paraffinic solvent from the bottom of this 
paraffin stripper is cooled by heat exchange against the 
feed and then with water to about 120° F. It is recycled 
to the bottom of the fractional liquid extraction column. 

In the section below the feed, the paraffinic solvent 
extracts the paraffins and naphthenes from the descending 
phenol solution and leaves the aromatic compounds, These 
are recovered from the solution leaving the bottom of the 
fractional liquid extractor by distillation in a phenol 
stripper. The phenol from the bottom of this stripper is 
partially cooled by heat exchange against its feed, finally 
water cooled to about 120° F.. and introduced into the 
top of the extractor. 

The aromatic fraction overhead from the phenol 


stripper is run into a benzene tower to remove any benzene 
in the original feed. The bottoms from this tower is run 
into the toluene tower, where toluene is taken overhead, 
and xylenes and higher boiling aromatic compounds 


removed as bottoms. 


If the benzene and xylene fractions are not desired, the 
total original feed can be fractionated to give a toluene 
heart-cut. The toluene can be separated in the fractional 
liquid extractor to give a substantially pure toluene 
product from the phenol stripper. 

Suitable modification of such process methods can 
provide the production of high-cetane diesel fuel and 
high-octane aromatic blending stock. 

Such apparatus can be applied also to the refining of 
lubricating cils by the use of solvents, which are more 
volatile than the oil fractions. In this case the paraffinic 
solvent would consist of a more volatile mixture, such as 
hexane and heptane, and the second solvent could be any 
one of those usually used in the refining of lubricating 
oils, such as nitrobenzene or phenol. 

Liquid extraction methods also have possible applica- 
tions in the separation of the water soluble by-products 
of the Fischer-Tropsch synthesis for liquid fuel. Solubility 
factors allow separation of the acids, the alcohols, and the 
ketones aldehydes into three individual groups from which 
the components can be recovered in a pure state by ordi- 
nary distillation. It can also be used to overcome any 
difficulties encountered in the distillation of these groups 
such as in the separation of isopropyl alcohol, ethyl 
alcohol, and n-propyl! alcohol, and the four isomeric buty] 
alcohols, Since water can be used as one of the solvents 
in these extractions, it is unnecessary to dehydrate the 
mixture of water soluble compounds to obtain a sepa- 
ration. This is a relatively difficult operation because they 
have a fairly wide boiling range above and below the 
boiling point of water and most of them form constant 
boiling mixtures with water. 


+ + 
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COMPLETE PLANTS AND EQUIPMENT 
f 


CHEMICAL PROCESS INDUSTRIES 


Fabrication in Stainless and Carbon Steels, Copper, Aluminum, Nickel and Other Commercially Available Alloys: 


ABSORPTION TOWERS, FRACTIONATING COLUMNS, EVAPORATORS, 
HEAT EXCHANGERS, PRESSURE VESSELS, REACTOR VESSELS, 
PRE-FABRICATED PROCESS PIPING, SOLVENT EXTRACTORS, VEGETABLE OIL EXTRACTORS 
--—-~—@G-— a 


VULCAN has served the process industries since 1901. Below is a repre- * 
sentative list of chemicals processed in Vulcan plants or equipment, 


ALCOHOLS Methanol — synthetic ACIDS Formic acid ESTERS Methyl acetate Ethyl acetate 
Methanol — from wood distillation Acetic acid — from wood distillation Butylacetate Vinylacetate Dibuty! phthalate 
Acetic acid —from process residues 


Ethanol — industrial grades from molasses and grain and solvent recovery 
Ethanol — from sulfite waste liquor Acetic anhydride Propionic acid HYDROCARBONS Butadiene Heptane 
Ethanol — anhydrous, Vulcan process Butyric acid Stearic acid Benzene Toluene Styrene Diphenyl 
Ethyl alcohol — beverage, neutral spirits GLYCOLS Ethylene glycol PHENOLS Naphthol 


Isopropanol Allyl alcohol Butanol Butylene glycol 
ALDEHYDES KETONES ETHERS  Ethylether Isopropyl ether 
Acetaldehyde Butyraldehyde Furfural Acetone Methyl ethyl ketone MISCELLANEOUS ci Nal Geraniol 


CHLORINATED HYDROCARBONS — Chiorcethane Chiorob Chi Y DDT Essential oils 


distillation 


evaporation 
processes and equipment 


THE VULCAN COPPER & SUPPLY CO. General Offices and Plant: CINCINNATI, OHIO 


NEW YORK SAN FRANCISCO BUENOS AIRES 
tw CANADA — VIC KERS-VULCAN PROCESS ENGINEERING COMPANY. LTO. — MONTREAL 
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Treating Processes 





h 
Sone of the essential process steps employed in refin 
eries have an accessory relationship to the basic conver- 
sion, separation, and distillation operations. Feed stocks 
must be made suitable for processing to best advantage 
and products must be finished to established standards of 
quality, The investment in equipment, and operating and 
maintenance effort that is devoted to such processing 


reaches sizable proportions 


Crude Oil Desalting 


One serious problem confronting the refiner is that the 
majority of crude oils are produced with contaminating 
salt water either as an emulsion with the oil or in free 
state. 

Crude oil emulsions, to be acceptable for pipe line 
transportation often have a specified maximum percent 
basic sediment and water. 

In refinery operations emulsified crude oil charged to 
stills can drastically reduce throughput and cause costly 
corrosion problems 

The maximum salt content which can be tolerated by 
refineries varies with the design of the plant. In general 
refiners consider a salt content of 20 pounds per 1000 bar 
rels of oil as the poorest acceptable requirement for crude 
charge stock. In modern plants this figure may approach 
5 to 10 pounds per 1000 barrels. since some salts are 
found to act as catalyst poisons. 

Crude oil is desalted by dehydration methods. Water 
separated from crude oil carries in solution up to its 
saturation-point suc h salts as are present in the emulsion. 
Salt in excess of that dissolved in the separated water re 
mains in the oil phase, Usual treating practice provides 
for the addition of water as necessary to avoid saturation 
of the salt solution 

Basically. three methods of treating have evolved over 
the vears and currently are in wide use: mec hanic al. elec 
trical and chemical, Many variations of these have been 
successfully used 

The application of heat has been more or less univer 
sally acknowledged desirable, regardless of the method of 
treating. Mechanical methods include heating and settling. 
and centrifugal separation. Heat lowers the viscosity and 
interfacial tension of an emulsified oil and. also, alters 
the colloidal properties. The optimum temperature is 
determined from its effect on gravity and viscosity 


Temperatures from 160° to 250° F. are used in the ma- 


jority of desalting installations, with as much as 350° F. 
used in isolated cases. 

Failure of some crudes to respond to heat and settling 
treatments resulted in the development of systems where 
the emulsion is passed through a contactor tower contain- 
ing “hay” or excelsior, gravel, and more recently, fibre 
glass. In this type system the filter medium serves to 
coalesce the globules of water in the oil so that they will 
stratify due to gravity in a settling drum. 

Chemical treating of emulsions for water and salt re- 
moval has progressed extensively and is now one of the 
implest and most economical methods in use. The crude 
charge is emulsified with fresh water, and the resulting 
emulsion contains a less concentrated brine contamination 
which is subsequently removed by demulsification through 
chemical treatment and settling. 

Tests determine the chemical that performs best in 
breaking the emulsion. The chemical must be thoroughly 
mixed with the emulsion. The temperature selected must 
provide efficient coalescence and stratification of the water. 

In a refinery installation for CRUDE OIL DESALTING 
using chemical emulsion breakers, Figure 1E, preheated 
fresh water varying from 3 to 10 percent by volume is 
added to the crude oil containing brine and is emulsified. 
Emulsification may be secured by flow through a charge 
pump or a mixing device. Emulsion breaking chemical is 
injected by a metering pump and the crude oil mixture 
flows to a heat exchanger where the temperature is in- 
creased to 180° F. or higher. The emulsion is broken at 
tne heat exehanger and flows on te a settling vessel for 
separation. This vessel often is designed to allow settling 
time of one hour, and may be equipped with heating 
elements to maintain elevated temperatures and with baffles 
designed to reduce flow turbulence and channeling, The 
hottom of the settling drum may have a slope of about 
2 percent toward a water trap to insure drainage 

Desalted crude oil leaves the top of the drum and salts 
are withdrawn in solution with the settled water. It is not 
uncommon for salt removal of 95 percent upwards to be 
ac hieved 

Such treating systems and apparatus are not generally 
subject to licensing. The system described is typical of the 
methods in use in crude oil desalting operations in the 
refineries. Chemicals for crude oil desalting are manufac- 
tured by Visco Products Company, Inc.. Houston, and by 
lretolite Company. St. Louis. 


The PETRECO ELECTRICAL DESALTING process is 
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Figure 1E. Chemical Desalting Process 
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engineered, serviced and licensed by Petroleum Rectifying 
Company of California, Los Angeles. 

The process, Figure 2E, is carried on by adding fresh 
water to salt-bearing raw crude. Thorough dispersion is 
provided by an air operated emulsifier. The emulsion so 
formed is subjected to the action of a high-intensity elec- 
tric field, where the added water particles and brine par- 
ticles are coalesced into masses containing the detrimental 
material. The process is continuous and can be tied into 
the refinery stream so that the oil is purified as it goes to 
the stills 

The volume of fresh water required ranges from 2 to 15 
percent of the volume of oil being desalted. The tempera- 
ture varies from 140° to 240° F, The electric power con- 
sumption load averages 4 kw. per unit. After subjection 
to the action of the electric field, the oil and salt-bearing 
water separate and are drawn from the desalter in two 
continuous streams 

Some of the oils desalted contain as high as 1100 pounds 
of salt per thousand barrels of oil. Many refineries desalt 
oil bearing as low as 10 to 15 pounds per thousand barrels 
Desalting is accompanied by a reduction in all corrosive 
substances except sulfur. Effectively removed also is sus- 
pended insoluble matter such as sand and silt. Besides the 
normal function of removing salts and foreign solids. de- 
salting procedures provide a means of removing slugs of 
water which, inadvertently, may find their way into the 
crude charge, and result in damage to the stills. 


Lubricating Oil Filtration 

Long established practice in process plants for the finish 
refining of lubricants, some distillates, and various spe- 
cialty products involves the contacting of the raw product 
with an adsorbent and subsepent separation by filtration 


The use of adsorbents is based on their ability to remove 
suspended, colloidal, and dissolved impurities, carbon or 
coke and resinous and asphaltic substances, from the oil 
treated. This includes hydrocarbons with high percentages 
of combined oxygen, those low in hydrogen content, and 
those containing coloring matter, Adsorbents are used also 
to neutralize acid-treated oils as an alternate to alkaline 
solution washing. Early practice in contacting oils with 
adsorbents, still followed with excellent results in many 
plants, is the gravity filtration of the oil through beds of 
the adsorbent contained in-large special tanks. More re- 
cently, continuous contact and filtration processes have 
been devised which allow large volumes of oil to be 
treated in a plant of comparatively small ground area. 
Greater flexibility in adjusting operating conditions, par- 
ticularly temperature, and also in changing between the 
products treated, is achieved. 

The PERCOLATION FILTRATION process for finish- 
refining petroleum fractions is used to produce lubricants, 
distillates, waxes, and specialty-oil products of high-qual- 
ity specifications. Percolation-finished oils and waxes are 
characterized by excellent color, odor and taste, and by 
stability and demulsifying properties. 

Percolation filtration consists essentially of the filtering 
of a partially refined petroleum fraction through a bed of 
granular adsorbent material. The adsorbents commonly 
used are fuller’s earth and activated bauxite. Each of these 
materials possesses certain inherent refining advantages, 
depending upon characteristics of the oils being finished. 

Lubricating-oil stocks may be refined by this process by 
percolation in dilution with 50 percent or more of naphtha 
or by the straight percolation of the oils without such 
dilution. Solvent-refined oils of which are 
filtered primarily for stability and demulsibility improve- 
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Figure 3E. Percolation Filtration Process 


ment, usually may be run without dilution to high yields 
of finished product, A flow plan and general considerations 
of a plant of this latter type, suitable for the finishing of 
solvent-refined oils or waxes, Figure 3E, is shown through 
the courtesy of Attapulgus Clay Company, Philadelphia. 
The adsorbent used in percolation finishing of mineral 
oils and waxes is usually 20/60 or 30/60 mesh. New ad- 
sorbent is heated in a kiln to 600-700° F. prior to use. 
The Gried or “tempered” adsorbent is charged to the filter 
which may vary in capacity from 10 to 50 tons, The filter 
is filled with oil and after a short soaking period the per- 
colation proper is started, The first oil off is usually 
lighter colored, the stream gradually darkening until the 
refining power of the adsorbent is considered to be ex- 
hausted. The filter then is drained, washed with naphtha, 
steamed to recover the naphtha and to condition the ad- 
sorbent for revivification, At the completion of this part of 
the cycle, the adsorbent is drawn from the filter and revivi- 
fied in the burner at a maximum temperature of 1100° F. 
The decolorizing and refining efficiency of granular 
fuller’s earth is gradually decreased by the revivification 
treatment. The plant charge is replaced at intervals 
Activated bauxite has greater resistance to loss in effi- 
ciency through revivification than does fuller’s earth. This 
smaller efficiency decline allows operation under stabilized 
adsorbent efficiency conditions, the bolstering effect of the 
makeup material necessary to compensate handling losses 


just balancing the decline in efficiency caused by revivifi- 
cation. The equilibrium level thus established will vary 
with the oil treated and equipment used, but usually will 
fall within the range of 60-80 percent of the efficiency 
of new bauxite. 

Fuller's earth is useful in the manufacture of white 
medicinal oils and in the treatment of lubricating stocks 
where the desired color reduetion is particularly high. 
Activated bauxite displays advantageous qualities for the 
refining of petrolatums and waxes to light colors and to 
odor and taste-free specifications, The resistance of baux- 
ite to efficiency degradation often is a major economy 
consideration. 

Continuous CONTACT FILTRATION processes effect 
the refining of lubricating oils by mixing oil directly with 
an adsorb nt, heating for a short period, and then separat- 
ing the decolorized oil from the spent cake. Such units 
are designed by Filtrol Corporation, Los Angeles, the 
makers of “Filtrol,” an activated adsorbent. 

In this process adsorbent is added by means of auto- 
matic proportioning equipment to the oil charge, and the 
oil-adsorbent mixture enters a pipe-still heater where the 
maximum contact temperature is obtained in a once-through 
operation. From the heater, the slurry enters a baffled 
vacuum stripping tower where a level is maintained regu- 
lating the time of contact. Steam sometimes is passed up 
the tower to facilitate the stripping action, The slurry is 
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Color 


Crade Source 


Loursiana 
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California 
Oklahoma 
Gulf Coast 
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Phenol 45.7 $! 
200 Neutral 

SALE. 20 

Phenol 


Furfaral 


+ Due-Sel 


S.A.B. 60 


Phenol 


Adsorbent 


| 


Color 


| Bbl. Ton 





Bauxite 
Fullers Earth 


Bauxite 
Fullers Farth 


Bauxite 
Fullers Earth 


Bauxite 
Fallers Earth 


Bauxite 
Fallers Earth 


Bautite 
Pallers Earth 


43.0 California 
67.5 
48.0 Oklahoma 
76.6 





126.0 | IMlineis 


156.5 


113.0 


52.0 


Mid 
Continent 

60.0 Oklachma 

62.8 

365.0 East Texas 

550.0 

California 


Crade Source | 


| Propane- 
M.E.K. 


M.E.K 


M.E.K 


M.E.K 


Unknown 


M.E.K 


Propane- 
M.E.K 


143.2 
122.3 + 
N.P.A 
m3 
Brown 
185.0 | Black 
166.5 |7 N.P.A 
158.6 2% 
N.P.A 


| 
Processing |M.P.°F.| Color | 


Adsorbent | 


le Bauxite 
N.P.A.) Fallers Earth 


Bauxite 


| Pullers Earth 


Bauxite 
Fullers Earth 
Bauxite 


Bauxite 


Bauxite 
Bauxite 


Bauxite 


Bauxite 


|} 30 Say 


| 
| 


25 Say. 
20 Say 


N.P.A 


1% N.P.A. 


18 Say. 
IN.PA 


1 N.P.A. 


18 Say. 


250.5 


331.0 





NEW TANKS 


FIELD FABRICATION 


TANK REPAIRING P. 0. 50x 218 SAPOLPA, OKLANOMA 
BRANCH OFFICE, FT. WORTH, TEXAS 


Petroleum Refiner 





RAILWA\” 


‘.,,and you takes your choice !’’ 


Fi 





One of a series of advertise- 
ments which have appeared re 
cently in national publications 
The purpose is to bring the vo- 
ried resources of Texas to the 
attention of the Nation's indus- 
trialists 
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transportation; you can ship to an urgent customer by air freight in a 
matter of hours; Texas highways box the compass from the Texas Coast 

. . But transportation facilities are only one of many advantages that 
await the textile company that wakes up to its opportunity in Texas. 
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drawn continuously from the bottom of the tower, passed 
through heat exchange to heat the fresh-oil charge, to a 
filter surge tank which acts as a reservoir to feed a con- 
tinuous precoat rotary filter. The filtered oil from this 
filter sometimes is charged to a high-vacuum stripper to 
furnish additional control of flash, odor, oxidation, and 
emulsion characteristics, The filtered oil finally is pumped 
through a blotter press which furnishes a polishing step 
before the oil is transferred to storage. 

A contact plant can be used to clarify, decolorize, 
and or neutralize lubricating oils that have been acid- 
treated, solvent-extracted or simply distilled. In addition 
to finishing the normal production of such processes, the 
contact plant may be used to correct previous faulty refin- 
ing. Sour oils are neutralized and decolorized in one oper- 
ation, eliminating caustic neutralization and the accom- 
panying disadvantages of emulsion formation and poor 
casts. 

The flexibility of contact equipment and its small vol- 
ume allows changes from one type oil to another with 
minimum time loss. 

FILTROL FRACTIONATION is a process in which an 
activated adsorbent in injected into a hydrocarbon oil 
stream as it flows to fractional distillation equipment. The 
purpose of this technique is to combine fractional distilla- 
tion and continuous filtration into a single operation, The 
process is applicable to the refining of solvent-treated 
stocks, long residuals, low-asphaltic or treated lube crudes, 
and dewaxed cylinder stock solutions. By combining dis- 
tillation and decolori:ation, savings in equipment, upkeep. 
maintenance and operating costs are effected. 

The process was developed and is serviced by Filtrol 
Corporation, Los Angeles, makers of “Filtrol.” the ad- 
sorbent used. In typical units, Figure 4E, a portion of 
the charge to the pipe heater is continuously by-passed 
through a small mix tank, This tank is equipped with a 
mechanical agitator which mixes the adsorbent with oil, 
thus forming a readily pumped oil-adsorbent slurry, The 
slurry rejoins the main flow of the charge entering a heater. 
The hot oil-adsorbent slurry enters a vacuum fractionating 
column flash zone where the liquid portion containing the 
adsorbent falls into a bottom soaking section. Lighter cuts 
thus receive an adsorbent treatment in passing through the 
exchangers and furnace, after which the adsorbent charge 
is concentrated in the | heavier 
treatment. Contact 
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Acid treatment is used on occasion to improve the color 
of straight run gasolines and naphthas, although more 
general current practice with such products substitutes 
catalytic treating or the addition of inhibitors to prevent 
color or gum formation. Gasolines produced by thermal 
cracking may be acid treated for a lowering of sulfur con- 
tent and for reduction of gum formation properties. Kero- 
senes may be acid treated for the removal of aromatics 
and unsaturates which cause smoking on combustion, for 
the elimination of sulfur compounds, and for color im- 
provement. Lubricating oil stocks are acid treated to 
improve their oxidation resistance and for color improve- 
ment. Waxes are refined for odor and color improvement. 

Batch treatment with sulfuric acid was once the almost 
universal finishing method for the entire range of refinery 
products. The operation is conducted in an “agitator,” a 
vertical elevated cone-bottom vessel, Figure 5E, provided 
with oil feed, acid feed, sludge drain, and oil drawoff 
piping, and with a distribution spider for wash water. 
Mixing of the charge is accomplished by means of an air 
blast, by mechanical paddles, or by circulating pumps. 
Agitators for lubricating oil treating are provided with 
heating coils and insulation to allow operation at 150° F. 
to 200° F. Insulation is commonly of tile or brick with 
coils between the insulation and vessel. 

The usual treating procedure is to charge the agitator, 
add acid in the desired amount, agitate the acid-oil mixture 
thoroughly by blowing with an air blast, settle the result- 
ing sludge, drain the sludge, wash the oil charge with 
water, neutralize with caustic soda, wash. and blow with 
air to remove moisture “cloud.” For light oils treated 
without heating the time cycle may run 10 to 20 minutes 
for acid agitation at a dosage of 1 to 5 or 6 pounds per 
barrel of oil, one-half to two hours for sludge settling, 
15 minutes each for water wash, neutralization, a warm 
water wash to remove caustic soda traces, and perhaps 20 
minutes for moisture removal by final air blowing. The 
cycle is completed in a day using only the agitator. With 
lubricating and heavy oils neutralization time may be 
much greater, and emulsion formation difficulties may 
cause delays, so it is customary to provide several addi- 
tional wash tanks for each acid treating agitator. Acid 
dosage may run 20 to 60 pounds per barrel. or even more 
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Figure SE. Acid Agitator for Batch Treating 























































































































v 








—2NEIE SLOP FROM GENERATOR 





] BARRELS PER VAY 
> GALLONS PER MINUTE 
POUNDS PER HOUR 
Led PER HOUR 
TANO ARC Un .fET PER DAY 
PRESSURE POUNDS PER SQUARE INCH 


EMPERATURE DEGREES FArRENMENT 








PRESSURE MM HG ABSOLUTE 








Figure 4E. Filtrol Fractionation Process 


with heavy oils, Waxes and medicinal oils in some in- 
stances have been treated with as much as 200 pounds of 
acid per barrel of oil. 

Continuous treating operations are conducted with a 
series of contacting, settling, and wash tanks, or with me- 
chanical separation devices such as centrifuges for separat- 
ing oil and acid sludge. The continuous acid treating proc- 
esses are conducted in closed systems and thus avoid loss 
of volatile materials to atmosphere. They allow savings in 
chemicals consumption through more efficient utilization, 
and produce more uniform products. Such processes have 
long been used for gasoline and naphtha treating where 
losses are avoided and the throughput in typical installa- 
tions is sufficient to warrant the operation of a continuous 
plant. Sludge is drained away at intervals and chemicals 
replenished wash water enters continuously through over- 
head sprays. 

CENTRIFUGAL ACID TREATING processes, basically 
similar to those using gravity settling, are available 
through DeLaval Separator Company, New York, and 
Sharples Corporation, Philadelphia, The more rapid sepa- 
ration of oil and acid sludge has important advantages in 
providing better control of the treating contact and more 
complete separations than are obtained with gravity set- 
tling apparatus, The degree of separation attained in cen- 
trifugal processes is established by economics, since the 
more complete the separation the less the capacity of the 
centrifuge. 

Low temperature acid treating processes for cracked 
naphthas have been used with considerable success by 
Standard Oil Company of California, which patented and 
operated the first commercial installation of the type, and 
by a number of other refiners, Such processes are based 
upon the behavior of sulfuric acid in the temperature 
1949 
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range around 20° F. where the acid loses much of its ac- 
tivity as a polymerizing and sulfonating agent but retains 
high effectiveness as a solvent for sulfur compounds. Con- 
tacting is usually accomplished in multi-stage counter- 
current flow apparatus and refrigeration is provided by 
ammonia expansion or similar means. Increased gasoline 
yield and quality and economies in chemicals are claimed 
for these systems. More recent modifications substitute 
mechanical separation for gravity settling. 


Sour Crudes 

The continuing heavy demand for petroleum products 
coupled with the gradual depletion of low-sulfur-content 
crude oils in the United States is forcing refiners to process 
increasing amounts of high-sulfur-content crudes of which 
there are considerable reserves. 

The problem of handling high-sulfur crudes has been 
worked out in two general ways, In some cases refiners 
have built or converted from other service entire separate 
processing facilities for high-sulfur crude operations. 
Others have elected to blend high-sulfur with low-sulfur 
crudes and to process the mixture. Wartime experience 
indicated that up to 5 percent of high-sulfur crude could. 
for instance, be blended with Midcontinent pipe line crudes 
without imposing any great hardship on the refineries 
served. 

This general increase in 
especially noticeable in its effect on the product quality 
of raw gasolines and light distillates. and is greatly aggra- 
vating the treating problems encountered with these 
fractions. 

The basic properties of gasolines that are adjustable by 
various treating methods include total sulfur content, cor- 
rosive sulfur content. color. color stability, gum content, 


crude oil sulfur content is 
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and potential gum content, The extent and manner of 
treatment used to effect improvement in these properties 
also has a marked influence on lead susceptibility, anti- 
oxidant susceptibility, and octance number of the treated 
gasoline. With high octane gasolines in ever stronger de- 
mand, and with the general level of octane numbers going 
steadily upward, these secondary effects of treatment are 
receiving more attention as they have high economic 
importance. 

Earlier treating methods involved use of sulfuric acid 
contacting, washing with aqueous alkali, and with alkaline 
plumbite, Sulfuric acid does effect substantial improve- 
ment in gasoline properties, but has a deleterious effect on 
octane number and lead susceptibilities. In general, its 
use has been abandoned as other methods have proved 
more efficient and less expensive. Thermally cracked gaso- 
lines undergo polymerization effects, too, when treated 
with sulfuric acid and require redistillation. 

The once serious problem of gasoline color now is of 
little consequence because of the general adoption of dyed 
motor fuels. A degree of color improvement sufficient for 
present needs is usually difficult to obtain only where 
sweetening difficulties are encountered. 

With high octane numbers for a major objective, the 
typical refinery now employs a variety of treating proc- 
esses ranging from simple caustic washing through various 
sweetening processes to mild catalytic reforming. 


Caustic Treating 

Alkaline reagents are used to neutralize acidic materials 

} present in crude oils or added during such refining opera- 
tions as acid treating, solvent extraction, conversion with 
lacid catalysts, and so on. The reagent may be in vapor 

form, as ammonia, in solid granular form, or may be an 
alkaline solution. Water solutions of sodium hydroxide are 
the most extensively used, but processes using alcohol so- 
lutions have certain advantages and have been quite suc- 
cessful commercially. 

Hydrogen sulfide can be removed from petroleum liq- 
mids or vapors by extraction with a water solution of caus- 
tic soda. Methyl and ethy! mercaptans are also largely re- 
moved, and the heavier mercaptans to lesser degree. 


Sweeteni 

Gasolines and light oils containing hydrogen sulfide or 
mercaptans are termed “sour,” while such distillates are 
sweet if these materials are absent. They give the oils bad 
odor and render them quite corrosive to metals if even 
very small traces of elemental sulfur are also present. 
Many processes have been developed for the “sweetening” 
of light oils to enhance marketability, The early process 
most used for this purpose is called DOCTOR TREATING 
and uses a solution of sodium plumbite and sodium hy- 
droxide as the reagent. The plumbite treatment effects the 
combination of mercaptans and elemental sulfur present in 
the oil. As necessary, additional sulfur is added to the oil 
to provide complete reaction of all the mercaptans. Hy- 
drogen sulfide present in the oil is also reacted, but can be 
much more economically removed by pretreatment with 
caustic. The total sulfur content of the oil is not lowered, 
except in some special cases, but the mercaptan sulfur is 
converted into forms which have less detrimental effect on 
the product. Because of the sulfur still remaining, gasoline 
treated by this process suffers in lead susceptability, larger 
amounts of TEL fluid being required for a given octane 
improvement than would be the case if the sulfur com- 
pounds were completely extracted. Treatment can be by 
batch, but is preferably continuous. 

Gasoline treatment in many refineries is organized into 
a simple continuous system. Figure 6E, involving acid 
contacting, sludge separation, washing, caustic washing, 
“doctor” treating, and final washing. Elemental sulfur is 
added to the gasoline at the “doctor” treating step to 
assure complete reaction of the mercaptans., 

Compounds of copper are used as reagents for treatin 
gasolines. COPPER SWEETENING processes are licensed 
by the Perco Division of Phillips Petroleum Company, 
Bartlesville, Okla. 

These processes oxidize mercaptans with cupric chloride, 
and regenerate the cuprous chloride with oxygen, One 
advantage is the theoretical absence of chemical consump- 
tion in the sweetening step. In practice it is necessary only 
to make up mechanical losses of the treating solution. 
Gasoline losses are avoided through treating in a closed 
system and complete separation from the treating solution. 
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Figure 7E. Copper Sweetening Process 


The product is responsive to gum inhibitors, and stable 
when exposed to sunlight, with respect to both color and 
to corrosion test. Copper sweetening can form only the 
disulfides, since no additional inorganic sulfur is present 
in any form during the reaction. In the treatment the sulfur 
content is, of course, unchanged. 

The processes are generally applicable to stocks requir- 
ing sweetening, and especially suitable for those of a very 
sour nature. These are handled with only a slightly higher 
cost due to increased air requirements, Sweetening is ap- 
plied in two ways: if the stock to be treated is sufficiently 
stable to color and gum when treated in presence of air, 
it is mixed with the necessary air and percolated through 
a bed of absorbent material impregnated with the copper 
reagent; other stocks are continuously treated with the 
copper solution in the absence of air and the copper re- 
generated in a separate tank. The oxidizing power of the 
solution is controlled to prevent side reactions with un- 
stable hydrocarbon constituents, Stocks treated with the 
copper solution are given a final sodium sulfide wash to 
give color and gum stability, by removing minute traces of 
copper which may be present in the treated oil, Figure 7E. 

By either process any hydrogen sulfide present is re- 
moved by a caustic-washing step prior to the sweetening 
operations. Likewise, if free sulfur is present in the stock, 
this compound is removed by a caustic-polysulfide treat- 
ment prior to the sweetening operation. If hydrogen sul- 
fide and free sulfur are not present, these steps may be 
omitted. 

Used copper solution is continuously withdrawn to a 
tank where it is regenerated with a controlled amount of 
air to give the desired oxidation potential. 

The following example of liquid treatment of a cracked 
distillate having a 170° to 400° F, boiling range and 53° 
API gravity is typical of results obtained in comparison to 
doctor treating. 

Perco 


Treated 


Doctor 
Treated 


Sulfur Removal 

Removal of sulfur compounds from gasoline gives 
marked improvement in tetraethyl lead susceptibility, al- 
though the unleaded octane number may improve only 
slightly 

Processes have been developed to extract mercaptan 
compounds from gasoline, thereby accomplishing the pur- 
pose of conventional sweetening and at the same time im- 
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proving tetraethyl lead susceptibility by removal of the 
sulfur associated with the mercaptan, Conventional sweet- 
ening never improves octane number and may reduce it, 
particularly with high mercaptan stocks, making sweeten- 
ing a non-profitable operation. Extraction, on the other 
hand, may show, a rapid return on investment through 
improved product quality and tetraethyl lead savings. 
The UNISOL process was developed by The Atlantic 
Refining Company, Philadelphia, and is licensed through 
Universal Oil Products Company, Chicago. 

The process, Figure 8E, is based upon the large in- 
crease in solubility of mercaptans in caustic soda solutions 
when an organic solvent, methyl alcohol, is present. 

Hydrogen sulfide-free gasoline is introduced to the bot- 
tom of an extraction column and has mercaptan extracted 
from it as it flows upward in countercurrent contact with 
an aqueous solution of methanol and caustic soda. The 
caustic solution is introduced at the top of the extractor 
and methanol near the mid-point. Above the methanol 
inlet the caustic solution extracts any methanol dissolved 
by the gasoline from the caustic-methanol solution. Treated 
gasoline is removed from the top of the extractor and sent 
to storage without any subsequent treating except addition 
of inhibitor. The fat caustic-methanol solution containing 
extracted mercaptan is removed from the bottom of the 
extraction column and charged to a column in which the 
methanol and mercaptan are stripped from the caustic 
solution, Regenerated caustic solution is recovered from 
the bottom of this column for reuse. Overhead from the 
stripping column stream-methanol-mercaptan vapors are 
condensed and flow to a separator where the extracted 
mercaptans are decanted from the system. Aqueous meth- 
anol solution is charged from the mercaptan separator to 
a fractionating column from which methanol is recovered 
overhead. 

Mercaptan reduction of better than 99 percent is accom- 
plished. Commercial units are operating on gasolines con- 
taining as low as 0.013 and as high as 0.25 percent mer- 
captan sulfur. Octane number improvements at the 
3-ec-tetraethyl-lead level. range from 1 to 3 or more on 
the commercial units, depending on mercaptan-sulfur con- 
tent of the untreated gasoline. 

The treated product as it comes from the unit usually is 
sweet or nearly sweet, and in almost all cases is completely 
sweet after a few days in storage. 

The SOLUTIZER Process for sweetening gasolines 
naphthas yields a doctor-sweet product by substantially 
complete physical extraction, instead of chemical conver- 
sion, of mercaptans. For the extraction, caustic solution 
containing an organic substance (such as potassium iso- 
butyrate), “Solutizer.” is used, The process is licensed by 
Shell Development Company. New York. The reduction 
in total sulfur in some cases is sufficient to eliminate sul- 
furic acid treatment normally required to produce frac- 
tions conforming to low-sulfur specifications. In other 
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A complete range of agitator 
drives is offered in ranges of 
speed from 10 RPM te 500 
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H.P. with stuffing boxes or 
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Semi-flexible coup- 
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supporting bearings 
from bending move- 
ments of the extend- 
ed agitator shaft. 


Vertical baffles may 
be supported by 
means of a nozzle 
in the tep head 
thereby eliminating 
pockets in which 
materials may ac- 
cumvulete and pro- 
viding easy outside 
adjustment 





The diagrammatic illustration at the 
left shows the Propeller Agitator 
mounted in a Struthers Wells heavy 
duty stainless steel mixer. Propeller 
Agitators are available in all commer- 
cial sizes, and can be specifically de- 
signed for any practical liquid agitat- 
ing requirement. 
Write for Bulletin 52-W. 
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HYDROGEN: Girdler-built Hygirtol hydro- 
gen plants hove established a new standard 
of effectiveness and economy 


DRY ICE: This modern, efficient dry-ice plant 
demonstrates another phase of Girdler's 
versatile, practical construction experience. 


Let’s go to work! 


As long as it remains on paper or in the lab, the most 
*‘beautiful’’ process does nobody any good. 

And so Girdler’s fine reputation for process develop- 
ment is backed by hundreds of Girdler engineers and 
construction men who know the practical angles and 

ey ialanies ciantas eemank have demonstrated it by building plants for just about 

— pede dang by Girdler-built every major industry involving gas, petroleum, or chem- 
ical processes. Highly successful in following through 
from original process designs, Girdler has been equally 
successful in finishing the job. 

Whether remodeling is involved or a complete new 
plant, get that project started on the right foot. Talk it 
over with one of Girdler’s engineers. 
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CARBON DIOXIDE: Portable CO, plants, 
built by Girdiler, are an important factor in 
the world-wide production of America's 
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Figure 8E. Unisol Mercaptan Extraction Process 
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Figure 9E. Solutizer Mercaptan Extraction Process 
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Figure 10E,. Mercapsol Treating Process 


and other relatively strong acids or to adjust the concen- 
tration of some acidic components, such as alkyl phenols, 
to permit efficient solutizer treatment. Extraction columns 
packed with carbon Raschig rings are used, The sour 
hydrocarbon fraction is introduced near the bottom of the 
column and the lean solutizer-solution enters near the 
top of the column. Intimate counter-current contact of two 
streams results, and a doctor-sweet fraction and fat solu- 
tizer-solution are withdrawn from opposite column ends. 

The fat solutizer-solution then is diluted with a con- 
densate produced in the regenerating step. The diluted 
solution is allowed to settle in a separator, where a small 
quantity of sour gasoline, initially partly entrained and 
partly dissolved in the fat solution, separates out as the 
result of the dilution. This sour gasoline is skimmed and 
returned to the extraction column. The separated fat 
solutizer-solution is preheated and fed to the top plate of 
a bubble-plate solutizer-solution regenerator. The fat solu- 
tion is regenerated by being stripped of mercaptans by 
steam either injected from an outside source or generated 
in a reboiler at the bottom of the regenerator. 

The steam and mercaptans pass from the regenerator 
to the condensate stripper and on to, first, the condenser 
and, then, to a separator. The condensate is pumped from 
the latter to the top of the condensate stripper, from which 
a mercaptan-free condensate is withdrawn to dilute the fat 
solutizer-solution just prior the 
separator. The mercaptans separated from the condensate 


t gasoline 


to tis entering 
are available for chemical syntheses or can be disposed of 
as fuel. 

The TANNIN-SOLUTIZER Shell 
Development Company under patents of Socony-Vacuum 
Oil Company, Inc., New York, and Shell Development 
Comapny, New York, obtains product improvement and 


process, licensed by 
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increase in octane number and lead susceptibility, mer- 
captan extraction and total sulfur reduction. The process 
obtains this objective by addition of a tannin-catalyzed 
oxidation regeneration step to a mercaptan extraction 
operation employing strong caustic solutions containing 
mercaptan solubility promoters, termed “solutizers,” such 
as isobutyric acid and/or alkyl phenols, 

The process consists of three sections: the caustic pre- 
treat, solutizer treatment, and regeneration system, Caustic 
pretreatment usually is required for removal of strongly 
acidic components, such as hydrogen sulfide, and in some 
cases for control of alkyl phenol concentration. 

The sour hydrocarbon feed is counter-currently con 
tacted with a suitable solutizer solution. The solution may 
contain added isobutyric acid solutizer, or naturally o¢ 
curring alkyl phenols may be utilized if their concentra- 
tion is sufficient in the hydrocarbon fraction to be treated 
to maintain the required solutizer strength in the treat- 
ing solution. Since only a nominal concentration of alkyl 
phenols in the gasoline is necessary for this purpose, most 
plants are self-sufficient and solution costs are low. The 
extraction equipment may be composed of mixer-settler 
stages, or other suitable contacting equipment such as 
towers packed with Raschig rings or of perforated tray 
design. 

Treating solution from the extraction step is pre-heated 
to a temperature of 110° to 130° F. and flows to a regen- 
eration column in which the extracted mercaptans are cata 
lytically oxidized to the corresponding disulfides by air 
blowing. 

The process achieves mercaptan removal to the 
sweet” 0.001 to 0.003 weight-percent mercaptan sulfur 
level when treating a wide range of straight-run or cracked 
stocks, either low-end-point or full-boiling-range gasolines, 
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I, the planning and execution of expansion programs, 
Stone & Webster Engineering Corporation offers to 
industrial organizations the efficiency and economy 
resulting from a competent and coordinated engineering 
and construction staff with broad experience in all 


phases of design and construction. 


STONE & WEBSTER ENGINEERING CORPORATION 


A SUBSIDIARY OF STONE & WEBSTER, INC. 
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Tower 
Packing 
Knight-Ware 
Tower Packings 
are widely used 
in scrubbing, dry- 
ing, recovering, 
reaction, rectify- 
ing, extraction 
and distillation 
columns. Popular 
shapes include 
Berl Saddles, 
Raschig Rings, 
Partition Rings 
and Spiral Rings. 
They are usually 
supplied unglazed 
since the natural 
matte surface 
wets better than a glassy 

surface. 


Berl Saddles 


Our most popular tower 
packing is Berl Saddles. They 
provide from 20 to 50% more 
usable surface and up to 100% 
less resistance per unit volume. 
These properties make them 
especially suitable for vacuum 
distillation, extraction and high 
velocity columns. Besides per- 
mitting smaller sized equip- 
ment, in many in- 
stances they will pay 
for themselves with 
Savings On power costs 
alone. Other advan- 
tages are: minimum 
channeling, reduced 
side thrust, and a 
stronger angle of dis- 
tribution. Made of 
Knight-Ware or porce- 
lain, Berl Saddles are 
corrosion-proof. 

All Knight-Ware 
Tower Packing is made 
from selected, washed 
and de-aired clays. Each 
type will withstand 
severe acid service, has a 
high crushing strength 
and will not spall. The 
one-inch Raschig Rings, 
for example, have 
shown an average of 
125 Ibs. in break tests. 


Sq.Ft. 
Area 
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u Free 
Ft Space 
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Corrosion-Proof Equipment 

Knight-Ware is a special ceramic product that is 
entirely inert to the action of all acids, alkalis and 
chemicals of any concentration (hydrofluoric acid and 
caustic soda excepted ). 

Some of the forms in which Knight-Ware equip- 
ment is available, in standard or special designs, are: 
Pipe and fittings in bores of from 1” to 60”; towers 
in diameters of from 8” to 60”; acid jars, filters and 
kettles, 5 to 200 gals.; plug cocks in plain and lubri- 
cated styles; laboratory sinks, drain pipe and fume 





Pyroflex Construction 

Pyroflex is an acid- and alkali-resisting lining ap- 
plicable to steel, concrete, wood or masonry shells. 
This non-porous, flexible, seamless lining will not 
deteriorate with heat or age. It may be applied on 
the job or at our factory. 

Knight-Ware brick or tile over the Pyroflex pro- 
vides an extremely rugged acid- and leak-proof com- 
bination lining. Carbon brick may be substituted for 
Knight-Ware to handle hydrofluoric acid and caustic 
soda. 

We have installed linings or furnished completed 
units for such service as: steel pickling, metal plating, 
electrolytic refining, acid storage, acid concentration, 
salt crystallizers, acid trenches and neutralizing pits; 
equipment such as gas scrubbers, absorption towers, 
chlorine bleach towers and acid fume eliminators. 

Please furnish sketches and state service conditions 
when requesting quotation. 


Pyroflex units such as fume washers, cooling towers, absorb- 
ers and concentrators, are individual, custom-built units de- 
signed to meet the exact needs of the customer. 
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having a naphthenic or parathinic crude source. Mercaptan 
reduction to the doctor-negative specification may be ob- 
tained in many cases by means of more stringent operating 
conditions and increased number of extraction stages. 

The MERCAPSOL TREATING process, Figure 10E, 
licensed by The Pure Oil Company, Chicago, removes 
mercaptans from gasoline by extraction with an aqueous 
solution of caustic soda containing solubility promoters. 
Continuous, countercurrent extraction is performed in a 
packed tower. Mercaptans are continuously removed from 
the spent treating solution by steam in a stripping tower. 
The treating solution is made from inexpensive materials 
and can be used indefinitely, only a small amount of 
chemical makeup being necessary because of leakage and 
other mechanical losses. 

In the operation of the process, raw gasoline fed to an 
H.S removal tower flows upward through a batch of 
caustic soda solution, then down through a packed coa- 
lescer whose function is to remove the aqueous phase and 
anything contained therein, from the gasoline. The gasoline 
enters the mercaptan removal tower and flows up through 
packing countercurrent to a down-coming stream of treat- 
ing solution which extracts substantially all of the mer- 
captans from the gasoline. The gasoline is settled, run 
through a coalescer for removal of the last traces of treat- 
ing solution, and on to storage. Mercapsol solution flows 
from the bottom of the mercaptan removal tower to a 
settler where entrained gasoline is separated for return to 
the tower. Spent Mercapsol is stripped first of traces of 
gasoline, then of mercaptans, and sent to storage for reuse. 
In many cases the Mercapsol treated gasoline is “doctor- 
sweet,” and in almost any case contains such a low con- 
centration of mercaptan sulfur that its effect upon odor 
or lead susceptibility is not detectable. 


Catalytic Treating 

The PERCO CATALYTIC DESULFURIZATION proc- 
ess developed by the Phillips Petroleum Company, Bar- 
tlesville, Oklahoma, is available to the industry through 
its Perco Division. The process provides means of remov- 
ing, in general, 40-60 percent of the sulfur content of 
cracked gasolines, 60-98 percent from straight-run gaso- 
lines, and 90-100 percent from natural gasolines, The types 
of sulfur compounds removed by the proc ess inc lude mer- 
sulfides. disulfides. while the 
pounds are not greatly affected. The variation in quantity 
of cyclic compounds present in the above mentioned types 
for 


captans, and eyclic com- 


of gasoline accounts the differences in reduction of 
total sulfur 

Perco Catalytic 
sulfurization” but also in a 


octane and TEL response improvement not otherwise ob 


content 
Desulfurization results not only in “de- 
“catalvtic” effect resulting in 
tained merely by sulfur removal by conventional means 
Catalytic desulfurization is particularly applicable for 
improving the quality of naphthas to be used in the manu- 
facture of Substantially 
complete desulfurization, this 
required for maximum response to tetraethy! lead. 


high-octane aviation gasolines 


as obtained in process, is 

Equipment used for the process is similar to that used 
in Perco reforming and catalytic cracking operations, as 
described in other parts of this issue 

The feed is usually vaporized by heat exchange with 
the product leaving the catalyst tower, and then super 
heated to a temperature in the neighborhood of 750° F. 
The superheated vapors are passed through the catalyst 
bed, at fifty pounds pressure or less, where organic sulfur 


sulfide. The flow 


compounds are decomposed to hydroger 


rate may range from 100 to 300 barrels of liquid feed 
stock per ton of catalyst per day. After cooling and con- 
densing the product, the hydrogen sulfide is removed by 
whatever means is most applicable in the particular in- 
stance, such as fractionation or chemical treatment or a 
combination of both. 

Operating cycles up to 30 days or more for charge of 
catalyst are obtained on many gasolines. Catalyst cost is 
in the order of one cent per barrel of gasoline treated. 

The treatment of cracked gasolines or blends containing 
cracked gasolines tends to deactivate the catalyst. Auxiliary 
equipment is provided for catalyst regeneration, which is 
accomplished by charging to the alternate chamber a stream 
of low-pressure air to burn off the carbonaceous matter. 
The air is admixed with a predetermined quantity of steam 
superheated to give a temperature of approximately 750° 
F. for the air-steam mixture entering the reactor on re- 
generation, 

The catalyst employed can be regenerated an indefinite 
number of times without appreciable impairment of its 
activity. There is substantially no loss of hydrocarbons 
involved in the desulfurization treatment. 

Several typical examples of the effects of catalytic de- 
sulfurization on lead response are shown in the accom- 
panying tables for various types of gasoline. 


CRACKED GASOLINE 56° API; 9-LB. RVP; 420° F. E.P. 


Undesulfurized | Desulfurized 


ASTM Octar 7 19.1 

+ El 75.8 
EI 78.0 
El 7 7 


79.8 


I 
I 
I 


0.076 


0.008 


ta! Sulfur 


ee 


STRAIGHT RUN NAPHTHA 50° API; 440° F. E.P. 


49.6 
5o.8 
665 
70.5 
0.053 
0.002 


ASTM Octane N 
+ TEI 
2 cc TEI 
c TEL 


; 400° F. EP. 


57.8 
68.9 


ASTM Octane N 
+ TEI 
rEl } 74.1 
TEI 5 


77.4 


, 0.017 


CRACKED-STRAIGHT RUN-POLY GASOLINE 66.2° API; 9.9 RVP; 


355° F. EP. 


STRAIGHT RUN GASOLINE 68.3° API; 12.4 RVP; 346° F, E.P. 


ASTM Octane N 46.8 


The COBALT - MOLYBDATE DESULFURIZATION 
process is a method of sulfur removal applicable for the 
full range of petroleum distillate stocks encountered in 
normal refining operations. The process was developed by 
Union Oil Company of California, Los Angeles. Detailed 
information on specific problems can be obtained from 
that company. 
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Figure 11E. Cobalt Molybdate Desulfurization Process 


Fundamentally, the process involves the conversion of 
organically combined sulfur to hydrogen sulfide by con- 
tact with a catalyst containing cobalt molybdate in the 
presence of hydrogen, Cracked gasoline stocks containing 
3 percent by weight or more of sulfur have been treated to 
give products of as low as 0.01 percent by weight of sulfur 
in yields of 99-100 volume-percent. Heavy gas-oil stocks 
containing as much as 5.0 percent by weight of sulfur have 
been reduced in sulfur content to less than 0.2 percent with 
100 volume percent yields. The accompanying diagram, 
Figure 11E, presents a simplified process flow for a unit 
to handle coke-still distillate of about 4.0 percent sulfur 
content and containing approximately 30 percent of ma- 
terial distilling in the lubricating-oil range. Feed stock and 
hydrogen are preheated by exchange against the hot re- 
action products. The exothermic heat of reaction is of 
sufficient magnitude to make the process independent of 
the preheat furnace except during start-up periods, The 
catalytic treatment may be conducted over a wide range 
of temperatures, but for maximum yield and desulfuriza- 


Characteristics of Feed and Products from Desulfurization 
of Coke Still Distillate 


Gas Oi! 


| Gasoline 
Fraction 
f 


reed, 
| Heavy Fraction 
| Coker Gas of 
ou | 


o 
| Product Product 





Yield, percent by Vol. based on Feed 91.1 
°F 28.1 


Gravity, °API at 60° F 


ASTM Distillation Temp.. °F 
Initial 
10 percent 
50 percent 
90 percent 
Maximur 
Rec. percent 


480) 


Sulfur Content, percent by Weight 
Acid Solubility, percent by Vol 


ating, CFR Motor Method 


100.0 


TEL/gal 
Viscosity, SUS at 100° F 
Pour Point, °F 
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tion, a temperature in the neighborhood of 800° F. is 
employed. The reaction products after exchange with the 
feed are cooled and passed to a separator. The liquid 
product from the separator may be caustic-washed to re- 
move traces of dissolved hydrogen sulfide and then sent 
to storage. The gas from the separator, containing hydro- 
gen, hydrogen sulfide and small amounts of hydrocarbons, 
is treated in an oil absorption unit at the reaction pressure 
and the separated hydrogen recycled to the reactors. 

For the treatment of coke-still distillate, a multiple 
reactor construction is employed, three reactors being on 
stream while the fourth is being regenerated. Regeneration 
of the catalyst is accomplished in the conventional manner 
by adding air to a stream of inert combustion gas circu- 
lated through the catalyst bed. 

Cobalt Molybdate treatment is flexible and can be used 
not only to remove sulfur compounds but simultaneously 
to improve the octane rating of gasoline stocks, The gaso- 
line products have excellent lead susceptibilities, The 
products heavier than gasoline make good reforming and 
cracking stocks. 

The GRAY CATALYTIC DESULFURIZATION process 
is commercially used for the elimination of both mercaptan 
and non-mercaptan sulfur compounds from lighter petro- 
leum fractions. The process is licensed by The Gray Proc- 
esses Corporation, Jersey City, N. J.. which is owned 
jointly by The Texas Company, Standard Oil Company 
(Indiana), and The Pure Oil Company, and which is man- 
aged by Texaco Development Corporation. 

To accomplish the desulfurization, gasoline vapors are 
passed through a bed of the catalyst at an elevated tem- 
perature, the temperature dependent on the type of charge 
stock and the degree of effect desired. The pressure of 
operation, while usually of a low range, is sufficient to 
secure the desired flow of vapors through the process 
and auxiliary equipment. 

The catalyst used is of the solid adsorbent type, such as 
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OHIO Return lBandls 


Ohio Return Bends are designed to 





take advantage of the principle of 
directional solidification to give 
greater strength. 


TYPE 2000 does not require rolling 
jigs for installation. Ease of single 
tube replacement saves valuable 
down time. TYPE 1000 is adaptable 
to wide general use under most 
operating conditions since mate- 
rials in body and plugs are varied 


to suit individual needs. 


Other types to suit many applica- 
tions. Ohio Steel also produces 
special fittings if required. Write 


for details. 


TYPE 1000 


FAHRITE TUBE SUPPORTS 


Where there's extreme heat for long periods of time, 
FAHRITE tube sheets, supports and hangers meet necessary 
strength requirements. They're field-proved. One of the 
mony grodes of FAHRITE will suit your operating conditions. 


Write for details 


The Ohio Steel Foundry cu, 


SPRINGFIELD, OH!O Plants at Springfield and Lima, Ohio 


¢ 





MILTON ROY COMPANY 


1315 E. MERMAID LANE, CHESTNUT HILL, PHILADELPHIA 18, PA. 


Representatives in Appleton (Wis.), Atlanta, Birmingham, Boston, Buffalo, Charleston (W Va.), Charlotte, Chicago, C Cleveland, :—_ Vocg: - Falls (Ohio), Dallas, 


Denver, Detroit, Ei Paso, Houston, Indianapolis, Kansas City (Mo.), Los Angeles, Memphis, M 





ewark J.), New Orleans, New York 


City, Old Albuquerque (N. M.), Philadelphia, Pittsburgh, Portiand, Richmond, Salt Lake City, San Francisco, Seattle, Shreveport, . om “reise, Van Couver (B.C.) also 


in Montreal and Toronto by Consolidated Engines & Machinery Company Limited 





Controlled Volume Chemical Pumps. Automatic Chemical Feed Systems 


Milton Roy Pumps are controlled volume metering units, designed to meter and 
pump practically any liquid in volumes as low as 1 pint per hour to as high as 23 gallons 
per minute per pump side and against pressures as high as 20,000 Ibs. per square inch 
Because of the high degree of accuracy of volumetric measurement made possible by 
Milton Roy step valve design, these pumps have found many applications as components 
of automatic chemical feed systems 


CONTROLLED VOLUME PUMPS 17 ))¢s: pumps are built in a wide range of standard 
Simplex and Duplex types, also in “Special” designs; in capacities and materials of con 
struction to meet practically all chemical and high-pressure pumping problems. They are 
handling successfully many viscous liquids, slurries, solids and fibres in suspension as well 
as acids, alkalies, oils, solvents, etc., in exactly controlled volumes, at pressures up to 20 
thousand pounds per square inch. “Gang” units are available to pump as many as 10 
liquids in exact ratio. The CONSTAMETRIC Pump (see illustration) is a new develop 
nent, designed to pump (1) at constant controlled volume (2) without pulsation (3) im 


very low capacities from approx. 0.07 gph to 57 gph (4) at pressures up to 15,000 psi 


CHEMICAL FEED SYSTEMS [1 Milton Roy Automatic Proportioning and Ratio Con 


trol Systems positive and instant motor speed regulation is obtained by means of an 
electronic Thy-mo-trol unit developed by Genera] Electric Co. Variation in the 


pressure of a Milion Roy Pump has no ap 


discharge 


preciable effect on the volume delivered by 
the pump, capacity being directly propor APPLICATIONS 
tional to the speed of operation. Thus, with , ' ' 
, umping chemicz ‘ umes 
a change in metered main line flow an ig chemicals in constant volume 


immediate proportional change in chemical #84!"St various pressures tor 
flow delivered by the pump is assured Boiler Water Internal Treatment— Pump- 


These systems are widely applicable in ing chemicals into boilers or into feed 

water treatment, waste treatment, chemi- “ 
~ 2 J 

cal processing operations, pH control, Chemical Process Industries—Pumping 


boiler water treatment, etc., and in convert- , chemicals, solvents, alkalies, oils, 


water lines as may be required 


1 Press S 1eSiS 
ing from batch to continuous processing igh Pressure Synthesi 
methods. Metered variables, such as pH Water Treatment—lIntroduction of Hy- 


hlorite, alum-ferric chloride and other 


value, temperature, pressure, flow, conduc 
tivity, liquid level, or any other which can ater treating chemicals in proportion to 
be measured are utilized to actuate the 
] ronic circuit, or to automatically ad- Petroleum Industry Pumping butane, 
he stroke of a motorized stroke ad- propane, similar light hydro-carbons as 
justment pumy phalt, tars, oils, liquid latex, inhibitors into 
lard Stey alv onstruction is avail flowing wells, etc 

| stant al Hydrostatic Testing—At pressures up t 
achined; 20,000 Ibs. per sq. inch; boilers, pressure 
vessels, piping systems, shell forgings, etc 
Pilot Plant Installations. Sewage and In- 
dustrial Waste Treatments. Continuous 

Processing Operations. Many others 


Milton Roy Pumps are available in units 
driven by Rotary Air Motors, also Air 
Cylinders of various capacities, for use 
where electric power is not readily avail- 
able or explosion hazards are present. Air 
Cylinder pumps are ideal for many appli- 
cations in which a comparatively low-cost 
metering unit is desired 
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Milton Roy CONSTAMETRIC Pump. For 
metered pumping in very low capacities 
without pulsation 


Milton Roy Simplex Fractional H.P Pumg 
Capacities from one pint to 300 g phy 
'ressures up to ibs. per sq. In 


Milton Roy Motorized Stroke —7R 
Pump. Available in all fractional 
Simplex models 


Milton Roy Heavy Duty Duplex Pump 
Capacities from 2 to 2600 g.p.h. Pressures 
up to 20,000 Ibs. per sq. in 


Milton Roy Pump with single cover-plate 

for greater accessibility and quick cleaning 

in handling viscous materials or solids in 

suspension. Capacities up to 40 goals. per 
minute 
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fuller’s earth and the like, low in cost and readily avail- 
able. A wide selection of clays can be used effectively. 

In the application of the process to straight-run gasoline, 
Figure 12E, the charge is heated to a temperature in the 
order of 700° F. and the heated vapors passed through 
a bed of solid adsorbent catalyst at a flow rate dependent 
upon the character of the feed and nature of the sulfur 
compounds, Conversion of mercaptan and non-mercaptan 
sulfur compounds takes place, and the vapors leaving the 
catalyst chamber pass in heat exchange with the incoming 
gasoline and go then to a condenser and separator. A large 
part of the sulfur present in the original mercaptan and 
non-mercaptan sulfur compounds is converted to hydrogen 
sulfide, which is partially removed in the separator and the 
remainder removed by means of either a caustic wash or 
simple stabilization. One of the important economic fac 
tors in applications of this process to straight-run gasoline 
is that, other than removal of hydrogen sulfide, no further 
treatment of the gasoline is required 

The desulfurization of 100% cracked gasoline ordinarily 
requires that the gasoline be pre-treated by the conven 
tional Gray treating process prior to desulfurization in 
order that the most economical catalyst life be realized 
Catalyst yields here range upward of 1200 bbls./ton, The 
ise of the conventional Gray process prior to desulfuriza- 
tion can be additionally justified on the basis that it 
effects refining of the gasoline by the removal of diolefins 
the need for using inhibitors in the 


and thereby obviates 


final product 
Untreated cracked gasoline is being desulfurized in a 
commercial installation with substantial lead savings in the 
form of a 50-50 blend with straight-run gasoline. In this 
case the straight-run gasoline, as well as the cracked. has 
poor lead susceptibility, and both cracked and straight- 
} run components are together improved by desulfurization 
treatment 
The GRAY CLAY TREATING process was first put into 
operation in 1924 at Barnsdall. Okla. The 
hy The Grav Processes Corporatior " 
used in gasoline pro- 
cracking 
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pr cess 18 licensed 
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duced by various thermal 
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Figure 12E. Gray Catalytic Desulfurization Process 


pyrolysis. The gum forming and other objectionable prop- 
erties of the gasoline are eliminated, while the desirable 
constituents pass through the process unchanged. The re- 
sult is that treating losses are greatly reduced, with the 
octane number of the gasoline being processed un- 
changed. Most Gray installations are made in direct 
connection with the cracking unit, Figure 13E, The 
rerunning step is eliminated and a treated gasoline is 
produced directly at the cracking plant. Vapors to be 
treated are passed through fuller’s earth or similar ad- 
sorbent material, and the unstable unsaturated hydro- 
carbons are thereby polymerized into higher boiling com- 
pounds which are separated from the treated gasoline by 
distillations. No added labor is required and 3000 to 30,- 
000 barrels of gasoline have been treated per ton of clay 
before replacement or revivification is required. 

Fuller’s earth (usually 30-60 mesh) is charged to one or 
more treating towers (polymerizes), Figure 14E, through 
which the vapors are passed. The greater part of the 


Various Gasolines 


Desulf. of 50-50 Blend 

of Untreated Cracked 

Gasoline and Straight 
Run Gasoline from 
Michigan Crude*** 


Desulf. of 
Gasoline from 
Illinois Crude** 


Desulf. of S. R. 
Gasoline from 
Michigan Crude** 
HaS Free 

uct 


HS Free 
Charge 


HoS Free 


HS Free 
Product 


Charge 


HS Free 
Product 


HoS Free 
Charge 





48 64.2 
1.6 2.0 


Percent Percent 
0.042 
0.000 
0.042 

Negative 


0.105 

0.040 

0.065 
Positive 


0.038 0.006 
0.007 0 
0.031 0.006 


58.8 60.4 
65.1 67.0 
67.8 71 
70.3 74 


50.3 
62.4 
70.0 


74.0 


47.8 
58.1 

63.7 
68.0 


*** Catalyst Life 800 barrels per ton 
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Figure 13E, Gray Clay Treating Process 


polymers formed separate from the vapors in the tower, 
and any remaining polymers may be removed by a frac- 
tionating step before condensation of the treated vapors. 


Results on Refining a Holmes-Manley Cracked 


Gasoline From Kentucky Crude 
Holmes-Manley Redistilled 
Circulation 


Cheese os cccvsecceosees Sates. - Kentucky Somerset 
rude (Gravity 28.4° API) 


.965-980° F. 

174 lbs. pressure top Ist Tower 
Olmstead 

3627 barrels per ton 


Cracking Plant 


Clean Oil Transfer Temp.. 

Two Gray Towers in series.. 

Type of Clay 

Throughput when sampled.. 

Tests on Gasoline; 

Gravity 61.7°F. API Color-Saybolt 30+ 
84°F. Octane 78-77 

124°F. 


230°F 

. 357°F 
End-point.... . 396°F 

Doctor 
Gum Tests: Sweetened 
Copper Dish (mg./100 ml.)......... Geendele- 
Oxygen Bomb: Induction Period (hrs.). a 
Storage Behavior of Gasoline (Doctor 
Sweetened Samples): 

Months Stored : 
Copper Dish Gum (me. 100 ml.) 
Color Saybolt ; 
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In a typical arrangement two polymerizers are employed. 
The towers are manifolded so that either can be used first, 
or they can be used in parallel. 

The poly merizers are usually operated at the condensing 
pressure of the distillation unit to which they are con 


nected. The higher the pressure, the greater the throughs 


put per ton of clay, all other things being equal, 
TOP 
MANHOLE 
GASOLINE 
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NLET —-> 
REFLUX 
DISTRIBUTOR 


PERFORATED 
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WIRE MESH 

CLAY SUPPORT 
DECK 


POLYMER 


CLAY OUTLET 


REMOVAL 
MANHOLE 
Figure 14E. Clay Tower for Vapor Phase Treating of Cracked Gasoline 
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Arrowhead is made to fit the job, eliminating the waste and expense of field cutting. All 


pieces are punched and bolts furnished to make a one piece floor or walkway when installed 


Arrowhead Grating is comfortable 


and quiet to walk and work upon. 


Arrowhead Treads were designed to furnish 


a slip proof nosing where a film of oil or 
grease could not form; also, one that would 


not become slippery with use. 


Write for Our Catalog 


ARROWHEAD IRON WORKS 


1010 Gentry 3616 Clinton Drive 


North Kansas City 16, Mo. Houston 20, Texas 
Phone: Norclay 3121 Phone: Charter 4129 











BLOOMING AGENTS 
FLUORESCENT COLORS 


a 
Solvent extracted and additive 


compounded lube oils 


“PETROL” colors for gasoline, kerosene, diesel and tractor fuels: 


BRONZES - AMBERS - BLUES - GREENS - GOLDS - YELLOWS 
PURPLES - ORANGES - REDS - BROWNS - BLACKS 


SPECIAL PRODUCTS 
FOR THE PETROLEUM INDUSTRY 

PETROL BLUE WHITENER R and B are used to neutralize undesirable 
yellow shades in uncolored gasoline or kerosene. 

DEBLOOMING AGENT A has the property of neutralizing blooms in 
lubricating oils. 

N. P. A. COLOR has the property of changing body color of pale oils 
to red cast without affecting natural fluorescence. 


COLOR SOLVENT No. 9 increases brilliance and solubility of colors in 


waxes and oils. 
e 


GASOLINE ADDITIVES 


INHIBITORS FOR GASOLINE, OILS, RUST . . . HIGH PRESSURE 
LUBRICANTS, STABILIZERS, EMULSIFIERS, DETERGENTS, WETTING 
AGENTS, DISPERSING AGENTS. 


The “PATENT” laboratories and technical staff are available for the 
development of special colors or for the solution of any color problem. 


25 years continuous manufacturing of colors for the petroleum industry 


PATENT FUEL & COLOR CORP. PATENT CHEMICALS, INC. 
GASO 
6. LA 


MARKETING DIVISION 
DIVISION MANUFACTURING 


2410 Carew Tower a 335 Mclean Boulevard 
Cincinnati 2, Ohio ANTHRAQUINONE DYES Paterson 4, New Jersey 
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TREATING PROCESSES 





The quality of gasoline made during a run is quite 
uniform, since the decline in activity of the clay is 
gradual. Often, the activity of the treating material can 
be effectively prolonged by passing steam or a gasoline 
spray through the treating towers for a short time. Plants 
operate 90 days or longer between changes of clay. 


Dehydration, Hydrogen Sulfide Removal 

During the last decade a tremendous increase in de- 
mand for natural gas has drawn heavily on the readily 
available sweet gas production, and has forced the utili- 
zation of gases once rejected as unsuitable because of 
excessive hydrogen sulfide or other contamination, The 
same period has witnessed, too, the more general utilization 
of high sulfur crude oils for refinery feeds, and the more 
frequent presence of serious amounts of hydrogen sulfide 
in natural gasoline plant feeds, 

These factors have focused attention on processes for 
hydrogen sulfide removal. Great volumes of gas formerly 
flared because of toxic and corrosive properties are now 
used as fuel gas—after processing for H.S removal and 
natural gasoline recovery 
refineries, where HS removal is important not only for 
lessening corrosion of equipment but also for product 


Real savings are made, too, in 


quality improvement, 

Dehydration of gases moved by long pipe lines is a 
necessity if efficient transmission is to be realized. De- 
hydration prevents hydrate formation, water plugging 
and corrosion in pipe lines. and is ace epted as standerd 
practice 

Separate but similar processes were developed for the 
dehydration and the desulfurization of sour gases through 
the use of liquid absorbents. Now these steps are often 
merged, 

The absorbents used for desulfurization and removal of 
carbon dioxide from sour gases have been combined with 
dehydration effect important savings in 
equipment investment and operating costs 

Early dehydration plants used systems by which solid 
beds functioned to absorb moisture from the 
gases treated, Such still used 
and have certain important advantages where simultaneous 
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Figure 15E. Adsorptive Gas Dehydration Process 


regeneration gas, on through the measuring station into 
the transmission line. 

A portion of the gas is diverted from the main stream 
for regeneration purposes. This gas flows to a heating 
unit. It is heated to a temperature of 400° F. and flows 
upward through the saturated desiccant bed, revapor- 
izing the liquid adsorbed and carrying it out of the 
contactor, 

The gas is cooled and flows through a separator to 
remove most of the liquid taken out of the contactor 
being dried. Gas from this separator is introduced into 
the main gas stream so that it can flow through the dry- 
ing contactor with the wet gas and be fully dehydrated. 

Natural gas dehydration may be accomplished by con- 
tacting the gas with an hygroscopic liquid, such as di- 
ethylene glycol, refrigerated calcium chloride water so- 
lutions, and so on. Dew point depressions up to 60° F. 
can be secured with concentrated diethylene glycol with- 
out refrigeration, which is necessary when correspond- 
ingly low depressions are to be secured with brine so- 
lutions. Refrigeration equipment materially increases plant 
investment. Diethylene glycol is not corrosive. and has a 
low freezing point so there is no possibility of solidification 
of the solution in the system. 

In the operation of a typical plant, Figure 16F, 
cooled diethylene glycol containing a small amount 
(generally less than 10 percent) of water, depending on 
the final dew point desired, is pumped into the top of the 
tray-type contactor. Gas enters the bottom of the con- 
tactor through a mist extractor and flows upward for 
countercurrent scrubbing with the hygroscopic agent. Dry 
gas leaves the contactor through a mist extractor and enters 
1 pipe line or goes to other disposal. The solution which 
has absorbed water from the gas is collected and flows 
into a vent tank and on through heat exchangers and a 
reflux condenser into the top of the still. 

Glycol solution is stripped of water in the still, a closed 
steam system supplying reboiler heat at the base, Sufficient 
sharpness of fractionation is provided to avoid the ap- 
preciable loss of glycol solution 

The GIRBOTOL process for the separation of acidic 
constituents from gaseous and liquid mixtures, is widely 
used, The process, which is owned and licensed by The 
Girdler Corporation, Louisville, Ky., is employed for re- 
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Figure 16E. Diethylene Glycol Gas Dehydration Process 


moval and recovery of hydrogen sulfide from natural and 
refinery for siraultaneous desulfurization and de- 
hydration of natural gas, for purification of liquid hydro- 
carbons, and for separation of carbon dioxide from 
hydrogen used for hydrogenation of oil, synthesis of iso- 
octane, and for the hydrodesulfurization process. 

Operation of the process is based upon the strong affin- 
ity of aliphatic amines for acid gases such as hydrogen 
sulfide and carbon dioxide at or near atmospheric tem- 
perature, and the loss of this affinity at higher tempera- 
tures. The process operates in a continuous cycle, absorb- 
ing acid gas from a gas stream at atmospheric temperature 
and expelling it at another point by raising the temperature 
of the absorbent. Because the amines are strong bases. 
freely soluble in water, large volumes of acid gas may be 
removed per volume of solution circulated. Efficiency is 
therefore high. Hydrogen sulfide is recovered in goncen- 
trated form. 

The cycle and equipment employed in the process are 
almost identical with those of a gasoline absorption plant, 
Figure 17E, Gas to be treated flows up through a bubble 
plate or packed absorption tower, Amine solution, at at- 
mospheric temperature, enters the absorber and flows down 
the tower from tray to tray picking up the acid gas. Puri- 
fied gas leaves the absorber at the top. 

Amine solution, saturated with acid gas, is stripped in 
“reactivator.” Acid gas is produced overhead, and lean 
solution as bottoms which offer heat recovery and cooling 
flow to the absorber top inlet. 

Gases may be treated at high or low pressure with equal 
success, Gas under pressure is purified more economically 
because smaller towers are required and larger volumes of 
hydrogen sulfide are removed per gallon of solution cir- 
culated. The process is adapted for purifying gas contain- 
ing a high percentage of hydrogen sulfide. Complete 
stripping may be obtained in a single tower. Because an 
aqueous absorbing solution is employed, practically no 
hydrocarbon constituents are removed from the gas if the 
physical conditions of temperature and pressure are con- 
trolled. This makes it possible to apply the process for the 
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Figure 17E. Girbotol Process 


purification of wet gas before the extraction of gasoline 
and results in lower subsequent treating costs to purify 
the gasoline. 

The process is useful for the purification of gaseous 
feed to a polymerization plant, since contacting tempera- 
tures up to 180° F, may be used if desired. 

In several installations processing natural gas for pipe 
line distribution, simultaneous purification and dehydra- 
tion of the gas is accomplished by employing a dehydrat- 
ing liquid such as diethylene glycol in solution with the 
Girbotol absorbent. H,S and water are both scrubbed from 
the gas, and expelled together from the stripper, the H,S 
assisting in carrying the excess water from the tower. 

The removal of hydrogen sulfide from liquid hydro- 
carbons, such as propane, butane, and gasoline, is being 
carried out successfully in a number of Girbotol plants. 
Packed towers are used for contacting the liquid streams, 
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SELECT TES AS YOUR 


LOGICAL CASTING SOURCE 


TESCO product engineers will consult on your product 
design to insure stronger, more economical castings. 


As an added service to manufacturers, TESCO re- 
cently established a product engineering department 
to work with manufacturers while their products are 
still in the design stage to insure the strongest, most 
economical casting designs. 


These TESCO engineers are qualified by experience 
to make suggestions, for example, on your product 
designs that will decrease weight without sacrificing 
strength. They are qualified to show you how you can 
often save money and at the same time improve the 
appearance of your products with steel castings. 

Let us show you case histories of how this added 
TESCO service has worked to the advantage of other 
manufacturers. Invite the TESCO product engineer to 
look over your product designs and show you how you 
can benefit by selecting TESCO as your logical cast- 
ing source while your product is still on the drawing 
board 


fastern Representative: J. F. BECHTLE, 7 East 42nd Street, New York, N. Y 
~) Creer Cac (vi 
‘Tas Reaemae Suze, Casein Co, 


GOOD CASTINGS HOUSTON, TEXAS 
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HERE’S PROOF! 


. that McNamar can handle 
all of your tank problems 


The four tanks shown above were built on an 
assembly line at McNamar .. . A nice trick 
when you consider their size — 10 feet 6 inches 
in diameter, over 107 feet long and they each 
weigh over 145,000 pounds. They prove that 
McNamar can handle any size job with speed 
and precision. All vessels are code fabricated and 
stamped — we have full time National Board 
Inspection. Our increased plant space and 
equipment make it possible for us to give your 


orders immediate consideration. 


McNamar's Rolls will handle 36” diameter and larger and up to 2” 
plate thickness 


McNamar Products McNamar Facilities 


REFINERY TOWERS @ STORAGE TANKS @ ACCUMULATORS— ) 70-TON CRANE @ ROLLS 2” PLATE THICKNESS @ X-RAY 

SEPARATORS @ HEAT EXCHANGERS @ PIPING—STRUCTURAL EQUIPMENT @ NATIONAL BOARD INSPECTION @ AUTOMATIC 

SHAPES @ MISCELLANEOUS REFINERY VESSELS. WELDING @ API-ASME CODE WELDING @ STRESS RELIEVING 
SAND BLASTING. 


McNamar Boiler & Tank Co. 


REFINERY SALES DIVISION e BOX 868 e TULSA, OKLAHOMA 
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TREATING PROCESSES 





while the amine solutions are reactivated in the usual 
manner. 

One process for the production of high-purity hydrogen 
from hydrocarbons and steam utilizes the Girbotol process 
for the removal of carbon dioxide from hydrogen. 

The GLYCOL-AMINE process, as developed and li- 
censed by The Fluor Corporation, Ltd., Los Angeles, pro- 
vides a process for simultaneous acid gas removal and 
dehydration. Ethanolamine and diethylene glycol are in- 
cluded in the same solution to provide simultaneous sweet- 
ening and drying. Added factors are noted, too. A glycol 
amine solution may be regenerated more completely than 
an aqueous amine solution, thus permitting the attainment 
of higher purities in the gas being treated. A glycol-amine 
solution with the same water content as a diethylene glycol 
solution will dehydrate the gas to a slightly greater degree 
than the latter 

The 
stripper combination. 

When using an aqueous monoethanolamine solution it 
is possible to operate the still at higher than atmospheric 
pressures and vain somewhat more complete regeneration 


apparatus used is a conventional absorber and 


insofar as CO, is concerned, although increased pressure 
usually is detrimental in a stripping operation. In this 
particular case the dissociation of the monoethanolamine- 
CO, complex increases sufficiently with the increased tem- 
perature caused hy the additional pressure to overcome 
the adverse effects of the increased pressure. Suc h is not 
the case with H,'5 and the stripping of this constituent is 
less complete at an elevated pressure, 

The addition of glycol to the solution increases the boil- 
ing point without necessitating an increase in pressure in 
the regenerating column. Thus, in the case of a glycol- 
amine solution, the adverse features of increased pressure 
are not encountered, and both CO, and H,S may be 
stripped completely from the solution, 

The maximum purity obtainable on an absorber tail 
sas is a function of the pressure and temperature at the 
top of the acid-gas-absorbing column and the amount of 
acid gas remaining in the stripped solution, Higher puri- 
ties are attainable by the use of the glycol-amine solution 
than by the use of an aqueous monoethanolamine solu- 
tion, since the former may be more completely stripped. 
This is important when considering low H,S specifications 
for treated gas, Ease of stripping gives the advantage that 
utility requirements for a glycol-amine plane are in gen- 
eral less than those for an aqueous plant for comparable 
service. 

Typical solution compositions employed in the Fluor 
glycol-amine process may be comprised of from 10 to 30 
15 to 85 percent diethylene 
range of 


monoethanolamine, 
5 to 25 percent water. \ 


percent 
glycol, and 
treated gas purity and water content may be met. Sour 
natural gas may be treated so that the residue gas will 
contain less than 0.25 grains of H.S per 100 cubic feet. 
less than 0.0004 mol-percent of H,S in the gas. 

On a large operating installation the H,S content of the 
gas has been reduced from 450 ers. per 100 SCF to less 
than 0.01 er. 100 SCF, or less than 0.16 mol parts 
per million. 

The PHOSPHATE process, which is licensed by Shell 


Development Company, New York, is a continuous, regen 


Ww ide 


per 


erative liquid purification system for the removal and 
recovery of hydrogen sulfide from natural and refinery 
gases and liquid hydrocarbon fractions 

I'reatment comprises two steps: absorption and regen- 


eration. The principal absorption reaction may be ex 


pressed: K,PO, + H,S > K,HPO, + KHS. Regeneration 
of the solution reverses this reaction. 

Treatment of both the gas and liquid phases is identical 
with the exception of extractor design, and the use of split 
solution flow for extraction of H,S from the gas phase 
in difficult cases. 

In vapor phase extraction, Figure 18E, the extraction 
step is carried out in a bubble tray column by means of 
split solution flow. The raw gas is contacted countercurrent- 
ly with the lean solution in the lower section of the column 
to remove the bulk of the H,S, and before its effluence as 
desulfurized gas it is further contacted with very lean solu- 
tion to achieve the final degree of H,S removal required. 
The combined solution streams issue from the bottom of 
the column, and after heat exchange with hot lean solu- 
tion, this fat solution enters on the top tray of the regen- 
eration column. In the regeneration column, the fat solu- 
tion is stripped of H,S by countercurrent flow of steam 
rising from the base of the column, Steam from an external 
source may be used, as in open steam stripping, or the 
steam may be generated by conventional reboiling of the 
solution, as shown. The lean solution approximating 75 
to 85 percent of the total solution flow, is removed from 
a sump located somewhat below the center of the column. 
A reconcentrator serves to maintain the proper concentra- 
tion of this solution by boiling off the steam condensed in 
increasing the sensible heat of the solution. The remainder 
of the solution, the very lean solution, is further stripped 
to a lower H.S level before leaving the column at the 
reboiler. When a low residual H,S content in the treated 
gas is required, this split solution flow system may result in 
steam savings of 25-40 percent over single flow treatment. 

Steam and H,S pass from the top of the regeneration 
column to a condenser, where steam is condensed, and the 
H.S gas is expelled from the system. For treatment of a 
liquid phase hydrocarbon, the extraction step is achieved 
with countercurrent, single solution flow, Packed columns 
are usually employed. After extraction, the liquid by 
hydrocarbon flows through a coalescer, which 
serves to safeguard against solution loss in the event of 
carryover or entrainment in the extraction column over- 
head, The fat solution flows from the bottom of the column 
to the fat solution settler, which serves to minimize hydro- 
carbon loss by entrainment in the solution, Settled fat 
solution exchanges heat with the lean solution and flows 
to the regeneration column, a steam stripper. 
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Figure 19E. Clay Revivication Process 
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Figure 18E. Phosphate Desulfurizotion Process 


The hydrogen sulfide recovered is essentially free of 
hydrocarbons and is suitable raw material for the manu- 
facture of sulfuric acid or elemental sulfur. 

The absorbent solution used ordinarily is prepared at 
the plant from commercial grades of potassium hydroxide 
and phosphoric acid, The optimum concentration of K,PO, 
depends upon the amount and nature of impurities in the 
hydrocarbon processed. It does not contaminate nor poly- 
merize the hydrocarbon. 

Clay Revivication 

The THERMOFOR CLAY REVIVIFICATION 
is a continuously operating system by which spent clays 
from percolation filtration or other source can be revivified 
by controlled burning. Re-use with little or no drop in 
efficiency of the revivified clay, as compared with fresh 
tempered clay, is attained. The Thermofor Revivification 
process, developed by Socony-Vacuum Oil Company, is 
licensed through Max B, Miller & Company, Inc. It is 
applicable to either Fuller’s Earth or Bauxite as conven- 
tionally used for percolation filtration for the finishing of 


process 


petroleum, oils, and waxes. 

Referring to Figure 19E, spent clay from percolation 
filters, after washing and steaming, is elevated to the top 
of the thermofor kiln where it is discharged through a 
vibrating screen for removal of tramp material to the 
storage hopper. Clay from the storage hopper passes down 
through feed pipes to the kiln proper which is composed 
of a bank of fin tube elements which allow good inter- 
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change of heat between the clay and a heat treating salt 
which is passed through the kiln tubes. Air for the come 
bustion of carbonaceous materials on the spent clays 
passes from the air-blower through an air-heater into thé 
kiln at the bottom of the fin tube assemblies, The air 
passes up through the clay counter-current to it, burning 
off the carbonaceous deposits, Air is disengaged from thé 
clay in the upper part of the kiln and discharges through 
the cyclone separator where any fines are collected. The 
heat treating salt is circulated at a temperature from ap- 
proximately 900° to 950° through the kiln coils and 
through a salt heater back to the salt tank. A high rate of 
salt circulation is maintained so that the heat of combus- 
tion of the carbonaceous deposits on the clay is distributed 
through the kiln, thereby maintaining a constant combus- 
tion temperature from 1000 1050° F. for maximum 
efficiency of revivified clay. When revivifying clays of 
heavy carbonaceous content, the heat combustion is in 
excess of heat losses in the kiln and the circulated salt is 
cooled by natural draft in the salt heater. When clays of 
very low carbon content or high moisture content are 
revivified, it is necessary to add heat to the salt in the salt 
heater and also necessary to add heat to the incoming air 
in the air heater. Revivified clay discharging from the kiln 
element passes through the clay cooler to the reactivated 
clay conveyor returning it at a temperature of approxi- 
200° F. to the filters. 


~ * <= 


mately 








Compact, sturdy, dependable. A Worthington single-stage, 
centrifugal compressor-drive turbine. 


FROM SMALLEST SINGLE-STAGE 
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GIANTS 


A standout for size. One of two 
Worthington 24,000 hp centrif- 
ugcl compressor- drive turbines 
during assembly. 
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‘he trend of the age is to a world wide accelerated 
recognition of chemistry and chemical products. Great ex- 
pansion is occurring. In this country, too, are felt now the 
effects of the war-ruined German chemical industry. 
Germany has lost completely a prewar position of domin- 
ance of the world chemical industry—with little prospect 
of regaining that position. American and British firms now 
compete for this world market, and American chemical 
exports are at an all time high. In the United States, too, 
the results of tremendous research effort are beginning to 
be effective. Pioneered by a few of the larger companies, 
research has now become a part of the expense budget of 
most well managed companies of reasonable size. 

In the United States, the production of synthetic organic 
chemicals from petroleum feed stocks has grown rapidly 
in recent years and now represents 30 percent of the total 
production of such chemicals. Hundreds of organic chemi- 
cals are made commercially from petroleum raw materials. 
While such chemicals are largely made by petrochemical 
companies, not engaged in oil refining, it is also interesting 
to note that there are now more than 50 refiners which are 
classed as chemical manufacturers—as compared with few 
or none so classed in the middle 30's. 

When it is further noted that much less than one percent 
of our organic chemicals were derived from petroleum in 
1925, the growth of petrochemical operations seems even 
more impressive. Coal and agricultural products, the prin- 
cipal competetive raw materials, still account for nearly 
70 percent of our organic chemicals production, but the 
trend is to further increase petrochemicals manufacture. 
A great many chemicals entirely new to commercial pro- 
duction have been made available by the petrochemical 
plants. 

The manufacture of finished organic chemicals varies 
in considerable degree from the operating techniques em- 
ployed in the basic oil industry, the liquid fuels industry. 
Chemicals manufacture deals in comparatively small quan- 
tities, and higher investments in both plant and research 
lare required. A higher degree of technical skill and op- 
erating control is necessary and plant obsolescence is 
higher. As a result of these factors, the petroleum com- 
panies are finding the manufacture of intermediate chemi- 
tals to serve as raw materials for further processing a 
rather more attractive field, and one well suited to the 
@quipment and operating methods of the refineries and 
Natural gasoline plants. Chemical companies are following 
this trend in the division of manufacturing operations, 
too, and are locating plants adjacent or convenient to re- 
fineries. The light hydrocarbons which constitute feed stock 
for many chemical synthesis processes are not easily trans- 
ported for any considerable distances, and thus greatly 
influence plant location near the available feed source, 

The petroleum hydrocarbons available for chemical 
processing range from methane to high-molecular-weight 
compounds, Petroleums vary widely in composition. Some 
oils are predominantly paraffinic while others are naph- 
thenic and aromatic in character. By using thermal and 
catalytic cracking, processes, hydrogenation, dehydrogen- 
ation, polymerization, and alkylation, hydrocarbons of 
practically any structure can be produced. 

In this connection, an factor of great 
portance should be noted, Despite the far reaching effects 
of new petrochemicals operations in the field of organic 
chemicals manufacture, and the great importance of these 
chemicals to the general public in terms of our standard 
of living—the demand for petroleum raw materials for 
chemicals manufacture is so much less than the demand for 
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petroleum for fuel uses that the latter is much more im- 

portant in controlling the price of the bulk refinery and 

gasoline plant products. On a weight basis it is, for in- 

stance, estimated that less than 5 percent of our annual 

gasoline production would be required to manufacture all 

of the organic chemicals needed in the United States. 
Definition of Term 

There is a certain difficulty in defining “petrochemical” 
operations and products as contrasted to the usual refinery 
and gasoline plant operations and products, One view 
holds that petroleum not finally used as a fuel, or a 
lubricant, or to surface a road, is likely a petrochemical. 
Thus, such long time specialty refinery products as 
cleaner’s naphthas, paint solvents, and waxes might be 
considered to be petrochemicals, Alternately, products 
which can be represented by specific chemical symbols 
might be classified as petrochemicals. If this system is 
followed, then such petroleum products as toluene, iso- 
octene, iso-octane, iso-pentane, xylene, butadiene, and 
others normally considered only as special refinery pro- 
ducts must be counted. 

Ammonia, now in large production in synthesis plants 
built for war needs, certainly is properly classed as a 
petrochemical (It isn’t a fuel, and has a specific chemical 
formula). Ammonia-based fertilizers, too, seem to fit a 
classification as petrochernicals, even though these op- 
erations seem a little far-afield from usual oil industry 
activities. Also, some long established oil refining com- 
panies are now operating ammonia synthesis and fertilizer 
manufacturing facilities. 

The hydrocarbon most abundantly available, methane. 
is processed commercially to make four chlorine substi- 
tution products—methyl chloride, methylene chloride. 
chloroform, and carbon tetrachloride. Methy! chloride is 
used as a refrigerant, and as an intermediate in the manu- 
facture of silicones. Methylene chloride is used in indus- 
try as a process solvent, and in paint removers, Carbon 
tetrachloride is inexpensive and noninflamable, so is widely 
used as a solvent for dry cleaning and miscellaneous in- 
dustrial degreasing. Chloroform is an important pharm- 
aceutical, and serves as a process solvent. 

The expansion of the petrochemical industry has been 
reflected in the growth of ethylene manufacture and re- 
covery from about 150,000 pounds per day in 1940 to 
somewhat over one million pounds per day in 1948. While 
other petroleum source materials, such as benzene, toluene, 
and the light olefins heavier than ethylene contribute 
significantly to the tonnage of petroleum chemicals today, 
ethylene has become probably the most important. 

Ethylene, produced as a cracking plant by-product, or by 
pyrolysis of ethane, propane, or heavier hydrocarbons, is 
the starting material for a great segment of our chemical 
industry, is used in the synthesis of a variety of organic 
materials. Many chemical synthesis processes require that 
the ethylene supplied be relatively pure. 

Ethylene Production 

The low-temperature fractionation process for ETHYL- 
ENE production (Figure 1F) designed by Stone & Web- 
ster Engineering Corporation, Boston, is one of the widely 
used separation processes. Roughly 75 percent of the 
ethylene produced in the U. S. is produced by this process. 

Fresh feed, together with recycled ethane and C,’s, is 
charged to a pyrolysis furnace and heated to 1425 - 1450° 
F. for optimum conversion to ethylene. The furnace design 
is such as to give a contact time in the reaction zone equiv- 
alent to 0.7- 1.3 seconds at the coil outlet temperature. 


Petroleum Refiner—Vol. 28, No. 9 





Figure IF. Ethylene Production and Recovery by Low Temperature Fractionation 


The cracked gas mixture is water quenched at the coil 


outlet to below cracking temperature, and then cooled to 
about 100° F. in a water cooled quench-tower. 

The cracked gas is compressed in three or four stages 
to 550-600 psig. The gas from the last stage of compres- 
sion is subcooled to about 65° F. to remove the maximum 
amount of water before introducing it into the dehydra- 
tors. Drying of the gas to a water dew point of approxi- 
mately minus 100° F. is effected by passing the gas 
through a bed of activated bauxite or alumina. 

The dried gas is cooled and partially liquefied by heat 
exchange and refrigeration, then introduced into the de- 
methanizer tower. Hydrogen and methane are taken over- 
head in the demethanizer together with about 3 to 5 mol 
percent of C,’s required to saturate the overhead stream 
at 550 psia. and a reflux condenser temperature of —130 
to —140° F. Because of the high relative volatility of the 
key components methane and ethylene, only a very low 
reflux ratio is required in the demethanizer. Reflux is 
produced in a run-back type condenser refrigerated by 
the evaporation of ethylene. 

Subsequent processing of the ethylene and heavier com- 
ponents in the demethanizer bottoms varies with the com- 
position of the bottoms and number and purity of products 
required. In the unit shown on the flow sheet the bottoms 
are fed to an ethylene tower where high- purity ethylene 
is removed as an overhead product. Reflux is produced at 
0 to —15° F. in a condenser refrigerated with propane or 
ammonia, Ethylene tower bottoms are fed to a recycle 
tower where ethane and C,’s are taken overhead and re- 
cycled to the cracking furnace. The recycle tower bottoms 
consisting of C,’s and heavier usually are not worth 
further processing for individual components. When crack- 
ing distillate stock, however, this fraction is a worthwhile 
source of aromatic distillate. 
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A cascade type refrigeration system is employed. 

High-temperature cracking for the production of ethy- 
lene may be conducted in the presence of hot granular 
refractory or may be accomplished in tubular furnaces. 
A most important source material for ETHYLENE 
PYROLYSIS at the present time is ethane and propane 
which may be efficiently processed in tubular heaters at 
temperatures in the range of 1300-1400° F. The flow sheet, 
Figure 2F, represents a typical plant designed by The 
Lummus Company, New York, for the production of 
ethylene by the pyrolysis of ethane, propylene and pro- 
pane, and to recover ethylene directly from the raw charge 
gas, 

The fractionating absorber is the most important unit in 
this plant in that it makes the separation between methané 
and ethylene. It is necessary to avoid loss of ethylene, but 
retention of too much methane reduces the purity of the 
ethylene below the desired value, since generally no fur- 
ther demethanization is employed, A portion of the aro- 
matic distillate produced in the process is circulated over 
the absorber at a rate of approximately 3.0-4.0 pounds 
per pound of feed, at which rate only moderate heat re- 
moval in the intercoolers is required in order to recover 
approximately 99 percent of the ethylene entering in the 
feed and reject all of the hydrogen and approximately 96 
percent of the methane. The rich oil from the absorber 
flows to the deethanizer where the split is made between 
ethane and propylene, Inasmuch as both the ethane and 
the propane-propylene are recycled through the pyrolysis 
coils, the separation between propylene and ethane need 
not be sharp, and a low reflux ratio may be used, In this 
tower it is only necessary to avoid loss of ethylene in the 
bottoms. The overhead from this tower flows to the ethyl- 
ene fractionator where the split is made between ethylene 
and ethane. Recovery of practically 100 percent of the 
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ethylene in the feed to this tower with purities up to 95 
percent can be made readily. 

Aromatic materials removed from the bottom of the 
depropanizer are used for absorber lean oil as required, 
with the balance being delivered to aromatic-distillate pro- 
duction, A small rerun tower is provided for eliminating 
heavy polymer which builds up in the aromatic distillate. 

In this system refrigeration is required in the absorber, 
the deethanizer and the ethylene fractionator. However, 
the refrigeration level is from 0° F. upwards and the re- 
frigeration load is therefore moderate amounting to ap- 
proximately 18 brake-horsepower for 1000 pounds of net 
ethylene produced per day, exclusive of the charging 
stock prefractionation requirements. Driers are provided 
for reducing the water vapor dew point of the absorber 
charge to less than —40° F., in order to eliminate the 
formation of ice and hydrates over prolonged periods of 
operation, 


Styrene 

Our large synthetic rubber program was initiated 
through wartime necessity, but continues in considerable 
production for economic reasons and because recent proc- 
ess developments provide synthetic rubber superior to 
natural rubber for certain uses. The great bulk of this 
rubber, GRS, is a copolymer of styrene and butadiene, 

The Dow STYRENE PROCESS, Figure 3F, was devel- 
oped during the early 1930’s by The Dow Chemical Com- 
pany, Midland, Mich., as a step in the manufacture of the 
plastic polysty rene. The wartime synthetic rubber program 


resulted in construction of four plants which supplied 


styrene for GRS rubber. Although the process was licensed 
during the emergency, it is not generally available. 

The process in brief is the catalytic dehydrogenation of 
ethylbenzene to styrene at a conversion per pass of about 
37 percent and an ultimate yield of 90 percent, with sub- 
sequent vacuum distillation of the crude styrene. 

Reduced pressure favors the dehydrogenation reaction. 
Steam is fed at a rate of about 2.6 pounds per pound of 
ethyl benzene. 90 percent of the steam is superheated to 
1310° F. before mixing with the remaining steam and 
ethylbenzene at 968° F. at the entrance to a catalyst case. 
The reactor temperature is controlled at 1166° F. at the 
bottom of the catalyst bed. Hot reactor products are cooled 
by heat exchange and finally in a spray type desuper- 
heater where some tars are condensed at 221° F. Vapors 
go to a final condenser where steam, styrene, ethylben- 
zene, benzene, toluene, and small amounts of tar are 
liquified. Vent gases including hydrogen, carbon mon- 
oxide, carbon dioxide, methane, ethane, and some aro- 
matics, flow to a refrigerated recovery system. 

The materials condensed go to a gravity separator where 
hydrocarbons are decanted from the water phase. The 
hydrocarbons are settled further for the separation of in- 
soluble tar, and the crude styrene pumped to storage. 
Average composition of this stream is: styrene, 37 per- 
cent; ethylbenzene, 61.1 percent; toluene, 1.1 percent; 
benzene, 0.6 percent; and tar, 0.2 percent. 

The final step is the purification of the crude dehydro- 
genated material containing about 37 percent styrene. The 
fracticnation requirements are rather strict since the nor- 
mal boiling points of ethylbenzene and styrene differ by 
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Figure 2F. Ethylene Production and Recovery by Fractionating Absorber 
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Figure 3F. Dow Styrene Process 


only 48° F. Other factors complicate the distillation step 
to an even greater extent. Distillation of styrene at its 
atmospheric boiling point (293° F.) is impossible because 
of rapid formation of polystyrene. At 30 mm. Hg. abso- 
lute, the boiling point of styrene is 129° F., and the poly- 
merization rate is less than 0.1 percent per hour. Running 
under a vacuum, then, is necessary. Even though a low 
distillation temperature is achieved, the normal irregulari- 
ties of operation make further precautions necessary. Very 
small quantities of certain foreign materials catalyze the 
polymerization reaction greatly. To guard against such 
possibilities, elemental sulfur is dissolved in styrene to 
act as a polymerization inhibitor. Only by a combination 
of vacuum operation, suitable inhibition of styrene, and 
special column design can styrene be distilled successfully. 
Relatively trouble-free operations can be had by distilling 
inhibited styrene in a system which never allows the con- 
centrated monomer to exceed 194° F. 
Butadiene 

Rapid development of commercial processes for the 
manufacture of butadiene also resulted from the require- 
ments of the wartime synthetic rubber program. Butadiene 
by the catalytic dehydrogenation of normal butane or 
butylene previously had been the subject of considerable 
research and pilot-plant work. In going from butane to 
butadiene it appeared that there would be some advantage 
in operating the process in two stages, while from buty- 
lenes a single-process stage was possible, Wartime de- 
mands of butylenes for gasoline production by alkylation 
and polymerization processes were heavy, but large-scale 
commercial development of catalytic cracking promised 
sufficient yields of unsaturates to meet requirements, and 
determined the choice of the one-stage route, using buty- 
lenes as the feed stock. 

In the process for the production of BUTADIENE by 
the CATALYTIC DEHYDROGENATION of BUTYLENE, 


the principal process problem centers about the reactor. 
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The design is complicated from the engineering standpoint 
by the requirements imposed by the chemical nature of 
the reactant and product, and by the thermodynamics of 
the reaction. The most serious limitation in process design 
is the tendency for butadiene to polymerize and ultimately 
to degrade to coke and hydrogen, This can be minimized 
by operating at hydrocarbon partial pressures of the order 
of 90 to 100 millimeters. The low partial pressures can 
be attained by low-pressure operation or by the use of an 
inert gas as a diluent. 

To obtain reasonable butylene conversion, reaction tem- 
peratures above 1100° F. have been found necessary, but 
to avoid thermal cracking of the butylenes in heaters and 
transfer lines temperatures’ should not be in excess of 
1300° F., so that for practical purposes the operating tem- 
perature range is 1150° to 1250° F, at a superficial react- 
ant residence time of about 0.2 seconds. Because of the 
above considerations, it is necessary to carry out the reac- 
tion at about 25-30 percent conversion per pass and at 
reduced butylene partial pressure in order to prevent buta- 
diene degradation and excessive by-product formation. An 
additional problem is presented by the fact that the reac- 
tion is highly endothermic, requiring an external heat 
source of about 725 Btu. per pound of butenes converted. 

One commercial solution of these problems employs 
steam as a heat conveying medium to provide sufficient 
heat capacity to reduce temperature drop through the re- 
actor to a workable range, 50-75° F., and simultaneously 
lower butylene partial pressure to the desired range of 100 
millimeters. Excessive butylene temperatures are avoided 
by superheating the steam diluent above the reaction tem- 
perature and mixing it with the hydrocarbon preheated to 
100-200° F, below reaction temperature just before it con- 
tacts the catalyst. An important advantage is that steam 
reacts with coke to form water gas at the temperatures 
employed for dehydrogenating butylene, allowing regen- 
eration of the catalyst by steam alone. 
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The above installation represents not only new designing to meet the requirements of 
the Petroleum and Chemical Industries, but is the results of 10 years of research and 
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This dehydrogenation process as finally developed is 
available for licensing through Standard Oil Development 
Company, New York. A typical unit, Figure 4F, utilizes 
two single fixed-bed reactors, with equal cycle times on 
reaction and regeneration, Butylene from storage is pre- 
heated by means of heat exchange and a furnace to not 
over 1100° F., while the diluent steam is superheated to 
some 1300° F., and jet-type mixers are employed for con- 
tacting the two streams directly over the reactor-catalyst 
bed. A 25-pound pressure drop is taken across the mixing 
nozzles to insure adequate mixing energy. 

Reaction products are quenched to below 1000° F. as 
they leave the catalyst bed by means of a pumped stream 
of condensate, The hot reactor effluent is further cooled in 
a waste-heat boiler and a series of quench towers, a con- 
densate containing the bulk of the C, hydrocarbons finally 
being charged to a fractionator for stabilization by sepa- 
ration of a light overhead stream and to a rerun tower 
where a polymer bottoms stream is produced and the crude 
butadiene is condensed as an overhead product in conjunc- 
tion with other C, hydrocarbons, this mixture constituting 
the feed to a subsequent purification process step where 
commercial butadiene is produced by extraction with 
cuprous salt solutions, or by other means. 

Non-condensable vapors from the cooled reactor efflu- 
ent condensate separator are passed through an absorber 
for recovery of C, hydrocarbons. Oil from the reactor 
effluent quench system is in a closed circulation system, 
but is maintained in satisfactory condition by means of a 
small make-up feed stream and a lean-oil stripper which 
continuously eliminates a small bottoms stream to slop. 
Reactor effluent polymer from the rerun tower is also 
rejected to slop. Steam generated in the waste heat boiler 
is utilized as dilution steam feed to the steam superheater 
furnaces, in conjunction with high-pressure steam from 
outside sources. Water condensed from the reactor affluent 
in the water separator is stripped of any volatile hydro- 


carbon contaminants in a water-stripping tower and is 
then discharged to a water-blowdown system. 


Ethylene Glycol and Ethylene Oxide 

Ethylene glycol is of major importance to our organic 
chemicals industry and enjoys large commercial produc- 
tion—well over 300 million pounds in 1948, The field of 
usefulness for ethylene glycol and its close relative, ethyl- 
ene oxide, is immense. A high percentage of ethylene 
glycol production goes into antifreezes—but supplies only 
about one fourth of this market, and continues in heavy 
demand, Another important use of glycol is in dynamite 
manufacture, to reduce the dangers of freezing. Ethylene 
oxide is used for reaction with hydrocyanic acid to pro- 
duce acrylonitrile, employed as a copolymer in Buan-N 
synthetic rubber and a variety of synthetic fibers. Ethylene 
oxide can be reacted with alkyl phenols to form a series 
of important detergents. 

Ethylene glycol is manufactured by three routes, Two 
are based on ethylene. A third employs a reaction of 
formaldehyde, carbon monoxide, and hydrogen to make 
glycolic acid which is esterfied and reduced to ethylene 
glycol. The older and largest-scale route uses ethylene as 
a raw material for an indirect synthesis through ethylene 
chlorohydrin, but a number of new plants use direct oxi- 
dation processes with air or oxygen. 

Considerable information on process details has become 
available as a result of the investigations of German chem- 
ical plants, In these plants, ethylene chlorohydrin is uni- 
versally manufactured by the direct reaction of chlorine, 
water, and ethylene. 

A typical flow sheet for the industrial production of 
ethylene oxide and ethylene glycol from chlorohydrin is 
shown in Figure 5F, The reaction is carried out in steel 
towers which are internally lined with a layer of rubber 
and a thickness of acid brick. The towers consist of four 
sections, of which the upper three are packed with Raschig 
rings while the bottom section is kept free of obstructions. 
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Figure 5F. Ethyleae Chiorohydrin Process 


Chlorine is fed into the bottom of the tower while ethylene 
is introduced at a higher level. It is essential that these two 
feed lines be placed at a sufficient distance to permit the 
reaction H,O + Cl, ——— HC] + HOC] to be completed 
before any ethylene is introduced into the reaction me- 
dium. The above discussion has demonstrated the need for 
this arrangement if the formation of ethylene dichloride 
is to be minimized, In some American plants this conclu- 
sion is taken to the extreme of providing a separate mix- 
ing tower for chlorine and water followed by an ethylene 
reaction tower. 

Water is continuously introduced into the bottom of the 
chlorohydrination reactor. Lean gas is continuously with- 
drawn from the top of the tower after passage through a 
water spray and is cleaned in a caustic scrubbing tower 
after which a portion of it is recycled. The product of the 
reaction is removed at the top of the tower as a 4.5 to 5 
percent solution of ethylene chlorohydrin in water. 

The reaction is carried out at 120° F., a temperature 
which is spontaneously developed from cold feed by the 
exothermic heat of reaction. An excess of ethylene must 
be carefully maintained at all times, and the top gas con- 
tains some 15 to 20 percent ethylene. Not all of this is lost 
since a sizable portion of the top gas is recycled. An excess 
of chlorine must be scrupulously avoided, partly because 
it tends to decrease the yield and partly because it creates 
a serious corrosion problem in the gas lines, There is also 
evidence that an explosion has been caused due to the dif- 
fusion of excess chlorine into the ethylene feed line. 

The purity of the feed ethylene is not particularly criti- 
cal from a chemical point of view. Mixed with recycle 
gas, ethylene generally enters the chlorohydrination tower 
at a 70-75 percent concentration, However, concentrations 
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as low as 40 percent have been used successfully. Where 
such low concentrations are employed, larger gas blowers 
are necessary and longer contact time is required in the 
tower. Economic considerations therefore favor generally 
the use of a reasonably pure raw gas. 

Ethylene chlorohydrin yield may be as high as 85 to 89 
percent of the ethylene utilized, Ethylene dichloride ac- 
counts for some 5-8 percent of the useful ethylene. Because 
of some ethylene losses in the vent gas, the over-all ethyl- 
ene chlorohydrin yield does not normally exceed 75-80 
percent of theory. 

In the presence of alkali, ethylene chlorohydrin can be 
readily hydrolized to ethylene glycol or ethylene oxide at 
elevated temperatures, The hydrolysis is generally carried 
out on the dilute solution received from the ethylene chlo- 
rohydrin plant. Treatment with sodium hydroxide results 
in the formation of appreciable quantities of dichloro- 
ethyl ether. By proper adjustment of the pH, this byprod- 
uct and the resultant loss in yield can be minimized, 

Ethylene oxide has a large market as such. It can more- 
over be readily converted to ethylene glycol by the action 
of a dilute aqueous solution of a strong acid or by reaction 
with water at elevated temperatures and pressures, A third 
alternative is the vapor phase hydrolysis of ethylene oxide 
over a silver oxide catalyst. Certain other advantages are 
achieved by converting ethylene chlorohydrin to glycol by 
the indirect route via ethylene oxide. A better yield of 
glycol can be obtained by the two-step process. Cheap lime 
can be substituted for caustic soda in the hydrolysis reac- 
tion. 

The lime is generally employed as an aqueous slurry 
containing 10 percent CaO. 

The reaction between milk of lime and the dilute chlo- 
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rohydrin solution is generally carried out continuously. 
Agitation is provided by the introduction of live steam 
into the system. 

The mixed feed enters the reactor and is heated to 205° 
F. by live steam. Eventually, the temperature is allowed to 
rise to 215° F, to complete the hydrolysis. Normal hold-up 
time in the hydrolizer is 15 to 30 minutes. 

The reactor is surmounted by a dephlegmator, operating 
at 185° F. exit temperature, which returns any volatized 
ethylene chlorohydrin and most of the evolved steam to 
the reactor. Ethylene oxide, ethylene dichloride and some 
steam pass through this partial condenser. This gas stream 
is the desired product, A typical analysis of the product 
stream is 40 percent ethylene oxide, 4-5 percent ethylene 
dichloride, some acetaldehyde and ethylene chlorohydrin. 
The remainder is water. 

The spent-lime slurry leaving the reactor is waste prod- 
uct. It contains some ethylene oxide which accounts for 
most of the yield losses in the hydrolysis reaction. 

Typical performance data reported for the hydrolysis 
unit of the Zweckel plant of I. G. Farbenindustrie are 
shown below and represent upper and lower operating 
conditions encountered at this plant: 

TABLE 1 
Lime | Ethylene 


bs. ‘Hr. Oxide Steam 
(Dry Basis)| Lbs. Hr. | M Lbs. /Hr. 


iy 
Lbs. Hr. 
Water aph | (Dry Basis) 


1500 } 725 | 10.4 
2300 1250 16.3 
’ 


1600 | 
2400 


4250 
6400 


The ethylene oxide yield for these two operating days 
is 82.5 percent and 94.5 percent of theory. respectively. 
Yields of 90-95 percent are quite generally obtained. 

The primary distillation column, made of steel, is oper- 
ated for the separation of ethylene oxide from water. To 
avoid hydrolysis and side reactions of ethylene oxide, the 
column is generally operated at a head pressure of 20-30 
mm. Hg. absolute. Top temperature is maintained at 33-35 
F. by the circulation of a refrigerant or refrigerated brine 
solution through the reflux condenser, Operation with a 
l or 


reflux ratio of 2, common practice, calls for 45 to 50 


plates in the column. A pressure of some 60 to 80 mm. Hg. 


absolute, may be expected in the still pot with a corre- 
sponding temperature level 

Ethylene oxide, removed as overhead product, is sub- 
jee ted to a second distillation for purification purposes. 
The ethylene oxide produced here analyzes 98-99 percent. 
The acetaldehyde content can be further reduced by a 
third distillation. For special purposes, requiring ethylene 
oxide purities well in excess of 99 percent. a fourth dis- 
tillation may actually be necessary 

The direct oxidation of ethvlene by 
surface, like the most attractive way of 
ethylene oxide and ethylene glycol. No 
quired. Instead, the oxidizing medium is obtained at neg- 


1ir seems, on the 
manufacturing 
chlorine is re- 


ligible cost. 

As a matter of fact, the partial oxidation of ethylene 
by molecular oxygen did not become known until 1931. 
Earlier work had indicated that the air oxidation of ethy- 
lene could not stop short of carbon dioxide and water. 
with the possible formation of small amounts of formal- 
dehyde. In 1931, T. E. Lefort obtained a French patent for 
the production of ethylene oxide by the air oxidation of 
ethylene at moderate temperatures and pressures over a 
number of catalysts 

Figure 6F is a flow sheet of this process as modified 
by I. G, Farbenindustrie for use at the Zweckel plant near 
Gladbeck, Germany 


It is customary to mix ethylene with a large excess of 
air, enough to maintain the concentration below the explo- 
sive limits. The gas mixture is preheated in exchange with 
the product and is introduced into the catalytic converter 
in which the temperature is carefully controlled at the 
optimum temperature. (This varies between 200-300° C. 
depending on the nature and age of the catalyst). The 
ethylene conversion per pass is about 40-45 percent. Part 
of the effluent ethylene must be bled from the system. 
Thus, while the catalyst efficiency is about 55 percent, a 
yield, based on ethylene, of only about 50 percent is 
realized. There are, in effect, no by-products of the reac- 
tion other than carbon dioxide and water. The only organic 
impurity formed is acetaldehyde. Its production is so 
small, however, that the final concentrated glycol con- 
tains less than 0.2 percent aldehydes, 

The ethylene oxide is removed from the products of 
reaction by absorption in water under pressure or in acid 
solution (in which case ethylene oxide is hydrolized to 
glycol). The aqueous solution is evaporated (after neu- 
tralization, if necessary) to 90 percent glycol concentra- 
tion. The glycol is then purified by fractionation under 
vacuum. In the course of this process, some diglycols and 
triglycols are formed as recoverable by-products. 

A part of the scrubbed gases is recycled. The remainder 
is bled from the system. Considerable heat is evolved 
during the partial oxidation of ethylene. The reaction 
equipment must be designed for excellent heat removal 
and proper temperature control. 

The product of the reaction contains essentially only 
dilute ethylene oxide, together with unreacted nitrogen, 
oxygen, carbon dioxide, and water. The common method 
employed for the recovery of ethylene oxide is absorption 
in sulfuric acid, or in water under pressure, At Zweckel 
the acid concentration was maintained at one percent. The 
solution is built up to approximately 20 percent glycol 
content. A portion is continuously withdrawn for further 
treatment. The remainder is mixed with makeup water and 
acid and is recycled through the absorption system. 

After withdrawal from the absorption system, the glycol 
solution is neutralized with caustic soda. It is then con- 
centrated to 90 percent glycol content in a vacuum evapo- 
rator and is desalted. 

Final treatment is the removal of water in continuous 
vacuum stills. The bottoms are separated into ethylene 
elycol. diglveol. and triglycol by fractionation at 60-70 
mm. Hg. Ethylene glycol makes up 80-85 percent of the 
total glycols produced. 

The diethylene and higher 
products, find broad usage. 

Propylene and propane are also used as chemica! raw 
materials. Isopropyl benzene, or cumene, an important 
component of our wartime high octane aviation gasoline 
program, is made by alkylating benzene with propylene. 
This compound also finds use as an intermediate in resins 
manufacture. Propylene chlorohydrin, produced by a proc- 
ess similar to that used for ethylene chlorohydrin, serves 
as a chemical intermediate for other processes and to 
produce propylene oxide, the basis for a series of glycols, 
glycol ethers, and amines. 


glycols obtained as by- 


Acetylene 

Because of the ready availability of petroleum hydro- 
carbon feed stocks, much of the petrochemical develop- 
ment in this country has been based on ethylene. In 
Europe there are no correspondingly cheap hydrocarbons 
naturally available, and a great amount of chemical de- 
velopment has been based on acetylene—which was readily 
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Figure 6F. Ethylene Oxide by Air Oxidation of Ethylene 


obtained by the action of water on calcium carbide, in 
turn available by manufacture from lime and coal. 
Acetylene has also been made commercially from methane 
and petroleum gases by various processes. In these proc- 
esses the methane or higher saturated hydrocarbon is 
raised to a quite high temperature for a very short re- 
action time. Methods for supplying the quite high endo- 
thermic heat of reaction includes electric discharge through 
the gas, the use of an auxiliary fuel in either indirect heat 
exchange or in a regenerative furnace, and the simul- 
taneous burning of some of the feed gas by the admixture 
of oxygen. In locations where cheap electricity as well as 
light hydrocarbons are available, the spark discharge 
methods are promising. One German plant employed an 
arc process in commercial operations. In this country 
pilot plant research in spark discharge acetylene manu- 
facturing methods have been conducted by Schoch and his 
co-workers at the University of Texas for several years. 
Their process is now reported in the pianning stages of 
commercial development. Also reported sometime back 
was a pilot plant operation conducted at Baton Rouge, 
La., that was based on some of the German work. The 
pyrolysis process for acetylene manufacture has reached 
only the pilot plant stage, but promising results have been 
reported. Direct oxidation methods have found commer- 
cial application in Germany. The process is the least 
suited to the production of high purity acetylene—70 per- 
cent is about the economic limit. 

Any successful acetylene from hydrocarbon process 
must, of course, be economically competitive with acetylene 
via calcium carbide. Acetylene from hydrocarbons may 
have a purity of 97-99 percent. Acetylene generated from 
calcium carbide has a higher degree of purity, but gen- 
erally contains impurities such as hydrogen sulfide, phos- 
phine, and others which may be objectionable in feed gas 
for some catalytic processes. Many of the thousands of 
synthetic products which can be derived, starting with 
acetylene, are difficult or even impossible to make from 
any other raw material. Accordingly, the successful de- 
velopment of more economic processes for making acety- 
lene can lead to a great expansion of our chemicals manu- 
facturing industry. 

All of the above processes produce acetylene in a con- 
centration of 8-16 percent. Where a high-grade acetylene 
is required, further processing of the product gas is re- 
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quired. In most chemical syntheses employing acetylene, 
the presence of olefins and higher acetylenes is particularly 
objectionable and these must be carefully removed. 

The basic problems in the purification of acetylene 
made by electric arc and by pyrolytic methods are similar. 
The presence of large amounts of carbon dioxide intro- 
duces a special problem in the recovery of acetylene 
produced by the “partial oxidation” of hydrocarbons. 

In existing processes, acetylene is generally scrubbed 
out of the reaction gases by water under pressure. The 
use of selective solvents is, however, promising. 


Ammonia 

Conversion of natural gas into ammonia came into wide 
application during the war. One plant, Ozark Ordnance 
Works, operated by Lion Oil Company, El Dorado, Ark., 
is now privately owned by that company and modified 
to peacetime activity, producing anhydrous ammonia, aqua 
ammonia, ammonia-ammonium nitrate solutions as well 
as ammonium nitrate fertilizer, from natural gas, air and 
water. 

Steps in the manufacture of anhydrous ammonia, Figure 
7F, include preparation of the raw (suction) gas at the 
reform plant, purification of the suction gas, and fixation 
of the purified hydrogen-nitrogen mixture in the synthesis 
operation to form ammonia. Reforming of natural gas is 
accomplished by passing a mixture of gas and steam 
downward through tubes and over a nickel catalyst at 
725° C. Air is added to furnish nitrogen, the oxygen being 
consumed by hydrogen, and simultaneously a portion of 
the residual methane is converted into hydrogen by 
secondary reforming. The water-gas reaction carried out in 
the CO converter in the presence of iron oxide catalyst 
then accounts for the remainder of the hydrogen produced 
in the reform step. 

Suction gas containing approximately 20 percent im- 
purities (CO,, O, and CO) is first scrubbed with water 
at 225 pounds pressure to remove most of the carbon 
dioxide. Then the gas is scrubbed with ammoniacal cop- 
per ammonium formate-carbonate solution and then 5 
percent caustic at 1800 pounds pressure for removal of 
remaining carbon dioxide, all of the oxygen, and all but 
a trace (10 ppm.) of carbon monoxide. 

In the synthesis loop the purified process gas (make-up) 
and recycle gas both enter the cil filter at 5000 pounds 
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pressure, pass to the cold exchanger, thence to the second- 
ary or ammonia-cooled condenser, back to the cold ex- 
changer, and then to the ammonia converter where, by 
exchange with the hot exit gases, the inlet gas is heated 
and enters the catalyst bed at 450 Passing through 
the catalyst, fixation of the hydrogen and nitrogen takes 
place at 5000 pounds pressure and a hot-spot temperature 
of 525° C. Only a portion of the hydrogen-nitrogen is 
converted, the converter inlet gas containing 2.5 percent 
ammonia and the outlet 12.5 percent. An iron catalyst pro- 
moted with aluminum and potassium oxides is used in the 
conversion of the hydrogen-nitrogen mixture to ammonia. 
The gas passes from the converter to the primary or water- 
cooled condenser, from which it enters the primary sepa- 
rator, and then goes to the circulator for recompression, 
and delivery of the recycle gas to the oil filter. Anhydrous 
liquid ammonia is continuously drawn off the cold ex 
changer and primary separator. 


Hydrogen Chloride 

A process of producing anhydrous hydrogen chloride 
gas, developed by Hooker Electrochemical Company, is 
offered for licensing through The Girdler Corporation of 
Louisville, Ky. Synthetic hydrogen chloride, economical 
when a pure dry gas is needed, finds many applications 
in plastics and chemical fields, Chemically pure hydro- 
chloric acid may also be produced by absorbing the gas 
in distilled water, but it is not generally competitive in 
price with commercially available muriatic acid. 

The basic reaction in the process, H, + Cl, — 2 HCl, i 
carried out in the water cooled burner vessel indicated on 
the flow sheet, Figure 8F. Essentially all of the chlorine 
is reacted and 97 percent or more of the hydrogen. The 
purity of the finished product depends entirely on the 
purity of the initial reactants. 

Following the burner the 
dried and any remaining traces of chlorine removed. 
gas is then available at essentially atmospheric 


and 
This 


pres- 


must be cooled 


gases 


pure 


sure and may be used as such or compressed to the desired 
service pressure. A vent gas absorbing system is used to 
dispose of HC] and Cl, vapors on startups. 

Advantages claimed for the method are a) low capital 
investment per ton; b) low maintenance and operating 
cost; c) high purity gas produced directly; d) safe oper- 
ation; e) small capacity installations economically feasi- 
ble; f) plant output may be readily varied to suit con- 
sumption; g) no by-product disposal problem. The proc- 
ess has been operated on a full commercial scale for sev- 
eral years by Hooker and others. 


Synthetic Gasoline 

For a number of years, particularly during World War 
II, the Germans prepared a synthetic gasoline from carbon 
monoxide and hydrogen by the Fischer-Tropsch process. 
In this operation the Germans reacted steam with coke and 
then adjusted the ratio of hydrogen to CO to that desired 
in the synthesis step by passing the gas through a water- 
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Figure 8F. Hydrogen Chloride Process 
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Figure 7F. Ammonia Process 
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Figure 9F. Hydrocol Process 


gas shift reactor which converted some of the carbon 
monoxide to carbon dioxide and hydrogen. The resulting 
gas freed from its CO, was then passed over a cobalt 
catalyst in a fixed bed. This process had shortcomings. The 
catalyst was expensive and reworking was frequent. The 
catalyst was extremely heat sensitive. Power recovery from 
the reaction was low. The gasoline produced was of poor 
quality (octane number 40 ASTM). 

These drawbacks were so serious that the 
Tropsch process could be justified economically 
under an artificial economy or very special conditions. 

The HYDROCOL process, developed by Hydrocarbon 
Research, Inc., New York, and available for license through 
Texaco Development Corporation, New York, is a method 
for the synthesis of petroleum products by the reaction of 
carbon monoxide and hydrogen. Premium gasoline, diesel 
oil, and other products are obtained. The starting material 
may be oxygen and almost any hydrocarbon material, such 
as natural gas, coal, heavy crude oil or fuel oil. Develop- 
ment of the process using natural gas as the raw material 
has reached the point of large scale construction of plants 
which are scheduled for early operation. 

The present process is claimed to represent the success- 
ful solution of the following problems: a) the manufac- 
ture of cheap oxygen; b) the efficient production of syn- 
thesis gas from natural gas and oxygen; c) the develop- 
ment of a cheap, rugged and efficient catalyst to promote 
the conversion of synthesis gas into gasoline; and d) the 
engineering of an integrated plant, including a reactor 
design, which would permit absolute temperature control 
and an efficient recovery of the heat of reaction in the form 
of useful power. 

A simplified flow diagram of the process as applied to 
one of the plants now under construction is shown in 
Figure 9F. Natural gas and oxygen separately pre- 
heated are caused to react in an open-type generator at 
2500° F. and 250 psig. The resulting gas is scrubbed with 
water and then heated by exchange with the generator gas 


Fischer- 
only 
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and divided into a major and minor stream. The minor 
stream is passed over a water-gas shift catalyst to convert 
the CO to hydrogen and CO,. The CO, is scrubbed out and 
the hydrogen is passed to the catalyst treating plant. The 
major stream is introduced into the synthesis reactor where 
it is caused to react in the presence of a stream of recycle 
gas at 650° F. and 245 psig. over a fluidized bed of cata- 
lyst. The products leaving the reactor are passed to a 
cyclone separator from which catalyst fines are recovered. 
These products pass through a heat exchanger where they 
are employed to heat recycle gas. From the heat exchanger 
the products pass to a cooler and into a separator. In the 
separator, separation into three phases occurs—gas, hydro- 
carbon and water. A portion of this gas is passed to an 
absorber, the remainder recycled to the reactor. The water 
containing by-product oxygenated compounds is drawn off 
the bottom of the separator and treated for the removal 
of the chemicals, consisting chiefly of alcohols, ketones, 
acids and aldehydes. The small percentage of by-product 
oxygenated compounds contained in the hydrocarbon 
fraction is removed and the product is then fractionated. 
The off gas is passed to an absorber with gas from the 
separator, and the total C,s and C,s are polymerized and 
the polymer gasoline is combined with the treated gaso- 
line. The unabsorbed gas is used as fuel for the oxygen 
and natural-gas preheaters. In the synthesis step 98.8 per- 
cent of the CO and 95.1 percent of the hydrogen are con- 
verted with yields as shown on the diagram. 

Representative tests on Hydrocol gasoline blend are: 
Gravity, °API, 66.4; CFRM octane, clear, 79.2; CFRR 
octane, clear, 90.9; RVP at 100° F., 9.2. 


Phthalic Anhydride 

Outlined in the flow diagram, Figure 10F, is the first 
phthalic anhydride plant utilizing a petroleum product as 
raw material. This plant was designed and constructed by 
E. B. Badger & Sons Company, Boston. The design capacity 
of 3500 to 4000 tons annually gives this plant almost 5 
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percent of the total domestic phthalic anhydride produc- 
tion capacity. 

The raw-material feed for this phthalic anhydride plant 
is ortho xylene supplied by hydroformer unit in an ad- 
jacent oil refinery. The ortho xylene is separated from the 
meta and para xylenes in the crude xylene cut produced 
by the hydroformer unit to give a raw material of high 
purity for the phthalic anhydride plant. 

The liquid ortho xylene feed is pumped at controlled 
rates into steam-heated vaporizers. The vaporized xylene 
is injected directly into a stream of heated air, the mixture 
passing into salt-cooled converter units, Catalyst used in 
the converter tubes is based on vanadium pentoxide 

V,0,) and is carefully prepared, since dusting and physi- 
cal deterioration and susceptibility to poisoning have a 
strong effect on catalyst activity 

The reacted vapor mass leaving the bottom of the con- 
verters passes through tubular heat exchangers where the 
rases are cooled before passing into condensers, The crude 
phthalic anhydride crystals deposited in the condenser 
units are withdrawn at regular intervals. The spent gases 
passing from the condensers go into furnaces fitted with 
gas burners and are burned in stacks so as to eliminate 
fume nuisance 

The crystals of crude phthalic 
the condensers are melted in steam-heated melt tanks, the 
molten anhydride being distilled batchwise in two distilla- 
tion stills in series. The purified phthalic anhydride is re 
moved as an overhead stream from the second distillation 
From this 
vater-cooled surface for 


inhydride removed from 


stage and passes to an aluminum storage tank 
tank it is fed to 
solidification. The final produ tu 
wel rhed on automatic s« ile Ss al d pac ked in paper bags 


1 stainless-steel 
the form of chips is 


Hydrogen 

Plants f acturing high-purity 
hydrocarbons and steam offer worthwhile advantages in 
many cases. The HYGIRTOL HYDROGEN process plants, 
designed and built by The Girdler Corporation, Louisville, 
Ky., combine several steps into a continuous, low-pressure 
process for producing hydrogen of high purity 

In this process, Figure LIF, suitable hydros arbons such 
butane and 


r manuf hvdrogen from 


is natural gas or refinery gases. propane, 


others, are purified to remove sulphur compounds, and 
then reacted with steam at elevated temperatures (about 
1500° F.) over a nickel catalyst to convert the hydrocar- 
bons to hydrogen, carbon monoxide, and carbon dioxide. 
By employing suitable catalysts and furnace design, the 
decomposition of the hydrocarbons is substantially com- 
plete. The hydrogen produced will contain less than 0.1 
percent of residual hydrocarbon. 

The mixture of hydrogen, carbon monoxide, carbon di- 
oxide, and steam from the furnace is cooled to about 700 
F. by the further addition of steam and is passed into 
a converter containing an iron-oxide catalyst where the 
carbon monoxide reacts with steam to produce carbon 
dioxide and hydrogen. This reaction is slightly exothermic, 
so no heat need be added to the converter. It is a reversible 
reaction, with about 90 to 95 percent of the carbon mon- 
oxide being converted to carbon dioxide under the condi- 
tions normally encountered. 

The gas mixture from the converter is cooled and the 
carbon dioxide is removed by the Girbotol process. The 
hydrogen is then purified further as required to remove the 
residual carbon monoxide (about one percent) by further 
carbon monoxide conversion steps followed by the re- 
moval of carbon dioxide. 

A typical analysis of the hydrogen produced in a plant 
of this type, using propane feed, follows: carbon dioxide, 
0.01 percent; carbon monoxide, 0.00 percent; methane, 
0.10 percent; nitrogen, 0.01 percent; oxygen, 0.00 per- 
cent; and hydrogen, 99.88 percent. 

Sulfur 

The production of elemental sulfur from hydrogen sul- 
fide present in natural or refinery gases has recently re- 
ceived considerable attention. The stability of the sulfur 
market and the improvements in the original Clause proc- 
ess have influenced oil producers and refiners to consider 
the erection of sulfur-recovery plants, The operation is 
not only profitable but disposes of a waste material po- 
tentially harmful to human life and vegetation. 

During the war the I. G, Farbenindustrie improved the 
original Clause method in Germany to a considerable de- 
gree resulting in higher recovery. The process shown on 
the accompanying flow sheet, Figure 12F, a typical unit 
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Figure 10F. Phthalic Anhydride Process 
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Figure 11F. Hydrogen Process 
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Stock delivery of LOW COST 
ALCOA ALUMINUM 
HEAT EXCHANGER TUBES 


Chances are your local supplier can fill your 
request for any size or amount of Alcoa 
Aluminum Heat Exchanger Tube. 

That's good news for you. Because at !» 
the cost of Admiralty, 2. of cold drawn 
seamless steel, or '/¢ of stainless or Monel, 
Aleoa Aluminum Tubes effectively reduce 
your new construction and retubing costs. 

Want more technical information? Alcoa’s 
free booklet explains aluminum’s exceptional 
corrosion resistance ... high K factor... 
easy installation. Write for a copy or ask 
your nearby Alcoa sales office. ALUMINUM 

PANY oF America, 696-3 Gulf Building, 





Pittsburgh 19, Pennsylvania. 
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Figure 12F. Sulfur from Hydrogen Sulfide Process 


designed and built by Stone & Webster Engineering Cor- 
poration, Boston, embodies further improvements over 
the German practice, and is in successful operation. 

The hydrogen sulfide present in the gas stream from 
which recovery is to be effected is removed in an ethanola- 
mine or tri-potassium phosphate extraction unit. The hy- 
drogen sulfide, together with carbon dioxide also recovered 
in the extraction unit, forms the feed to the sulfur re- 
covery plant. 

Entrained water is first removed in a scrubber and the 
feed gas is then divided into two streams, One stream 
passes to the burners of a specially designed furnace where 
it is admixed with the correct amount of process air to 
effect formation of sulfur dioxide by combustion, the 
second stream by-passes the furnace and joins the effluent 
gases from the heater which then flows to reactor No. 1. 

Air is supplied to the furnace by a blower at a pressure 
sufficient to effect flow of the reactant through the whole 
system and its quantity is dictated by the total amount of 
H.S processed, 1/3 of which is subject to the reaction: 


H.S+ -20,>S0, + H,O + 223,000 Btu./Ib. mol. 


The subsequent oxidation—reduction reaction: 

SO, + 2H,S— 3S + 2H,0 + 44,000 Btu./Ib. mol is 
initiated in the combustion chamber, continues in the 
transfer line and is carried to the equilibrium point in 
reactor No. 1, The bauxite catalyst promotes this reaction 
which releases elemental sulfur and water. At the inlet 
and outlet conditions the elemental sulfur is in the vapor 
state so that no fouling or plugging of the catalyst bed is 
experienced. 

The effluent gases are cooled in a specially designed 
condenser-separator which condenses the sulfur and re- 
moves the sulfur fog remaining in suspension. The coolant 
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is boiling water and the heat removed generates low pres- 
sure steam. Thus, strict control is exercised over the film 
temperature which is important in view of the viscosity 
characteristics of liquid sulfur. 

Since the reaction cannot go to completion in the first 
reactor due to temperature rise and resulting equilibrium 
hindrance, a second reactor is employed. A gas-fired line- 
heater raises the temperature sufficiently to enable the 
reaction to start again and to proceed essentially to com- 
pletion in the second reactor, running at a considerably 
lower outlet temperature than the first reactor, The exit 
gas is again cooled in a condenser-separator to condense 
the sulfur and generate additional low-pressure steam. 
The noncondensed gases containing less than 0.5 percent 
H.S, are exhausted to atmosphere. 

The conversion of H,S exceeds 98 percent. Wide varia- 
tions in feed rate hardly disturb the temperature pattern 
in the reactor-condenser system and consequently the con- 
version remains high. The process is economical as most 
of the heat of reactions is recovered as utility steam. 
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Simple Equations for Vapor and 
Liquid Densities. R. R. DretsBacH AND 
R. S. Spencer. Ind. & Eng. Chem., 41 
(1949) pp. 1363-6 

The authors have 
methods for calculating 
densities to pressures of 
four atmospheres. Use was made of a 
modified Antoine equation. It is only 
necessary to know the molecular weight 
and the boiling point at any pressure 
Liquid densities can be determined over 
the same range, where boiling point at 
any pressure and liquid densities at two 
temperatures are known. Derivations of 
the method and the equations are given 
and typical results of their application 
are presented in tabular form 


developed new 
vapor and liquid 
approximately 


Statistical Thermodynamics of Mix- 
tures of Normal Paraffins. H. Tompra 
Trans. Faraday Soc., 45 (1949) pp. 101-9 

Guggenheim’s tre atment is extended 
to the case of mixtures otf molecules ot 
different lengths, in which all molecules 
are built of identical end segments and 
middle segments. The resulting expres 
ions for activity coefficients are applied 
to Bronsted and determina 
tions of vapor pressures of binary solu 
tions, hexane-cetane, heptane- 
cetane, and hexane-dodecane 


oefoed's 


such as 


The Entropy of Ethylene Oxide. Heat 
Capacity from 14 to 285° Vapor 
Pressure. Heats of Fusion and Vapori- 
zation. W. F. GIAuQguve AND JoserH 
Gorvon. Jour imer. Chem. Soc. 71 
(1949), pp. 2176-81 

Che heat capacity of solid and liquid 
ethylene oxide was determined from 14 
to 285° K. The melting point is 160.65° 
K, the boiling point 283.66° K. The heat 
of fusion is 12364 cal./mole and the 
heat of vaporization as directly meas- 
ured at the normal boiling point is 6101 
cal./mole. The vapor pressure of ethyl 
ene oxide was measured from 224 to 
285° K. An equation is given that rep 
resented the data. The entropy of the 
ideal gas was calculated at the boiling 
point and is 57.38 cal./deg./mole. The 
most reliable value of the entropy of ideal 
ethylene oxide gas at 298.16° K. and 1 
atmosphere pressure is 57.94 cal./deg 
mole 


Calculation of Gas Mixture Viscosi- 
ties. ]..W. Buppenserc ano C. R. WILKE 
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These abstracts from the current 
literature of sci and technol 
(not including trade journals easily 
available) were prepared by Drs. 
Leslie and Coats of The Leslie Labora- 
tories, Traver Road, Ann Arbor, Mich., 
which will supply, at cost, photostatic 
copies of original articles. Complete 
or limited bibliographies covering 
special toples by title, by abstracts, 
or in ipt, also may 
be had by arrangement with the 
Laboratories. 








Chem., 41 (1949) pp. 1345- 


Ind. and Eng 
7 

Gas mixture viscosities or fluidities are 
not additive on a simple mole fraction 
or other concentration basis. A plot of 
viscosity against mole fraction for binary 
may show marked curvature 
with the viscosity of the mixture lying 
above or below that indicated for a 
linear relationship, and in some 
rising to a maximum viscosity consider 
ably greater than that for either 
ponent. An empirical correlation was de 
veloped to predict the constants in the 
Sutherland-Thiesen equation for binary 
gas mixtures. Reproduction of data at 
moderate pressures over a temperature 
range from 11° to 225° C. is obtained 
with an average deviation of 3.7 percent 
between calculated and observed values 
for 116 mixtures. Data for three ternary 
mixtures and two quaternary muxtures 
are reproduced by the equation with an 
deviation of 2.56 percent 


systems 


cases 


com- 


average 


Heats of Adsorption and Relative 
Adsorbability of Some Gaseous Hydro- 
carbons. Silica Gel and Carbon Black. 
Watter R. SmitH AND Ratpu A. BEEBE 
Ind. & Eng. Chem., 41 (1949) pp. 1431-5. 

One-butene is selectively absorbed by 
silica gel frcm a mixture of 1-butene and 
butane in the vapor state. The heats of 
adsorption for 1l-butene and butane on 
silica gel were determined calorimetri- 
cally and it was found that the heat of 
l-butene exceeds that of butane by 
nearly 3 kg.-cal. per mole in the first 
adsorbed layer. Measurements reveal 
little difference in the heats of adsorp- 
tion of 1-butene and butane on carbon 
black and of propene and butane on 
silica gel especially in the monolayer. In 
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a limited number of experiments, no 
evidence was found of the separation of 
l-butene over carbon black or of pro- 
pene from butane over silica gel. It 
appears that a correlation exists between 
selective adsorption from a hydrocarbon 
pair and the relative values of the heats 
of adsorption of the two components. A 
bibliography of 12 references is ap 
pe nded 


Effect of Pressure on the Volume, 
Thermodynamic Properties, and Crystal- 
linity of Polythene. W. Parks anp R. B 
Ricwaaps. Trans. Faraday Soc., 45 (1949) 
pp. 203-11 

It was found that the compressibility 
of polythene determined at 25-160° C 
and up to 2000 atm. decreases as pres- 
sure increases. An exception to this is 
initially liquid polythene to a point at 
which crystallization begins, in which 
case the solidification is accompanied by 
compressibility. The 
is compar- 
rubber, 
solid 


an increase in 
compressibility at 1-100 atm 
able to that of a liquid or of 
rather than to that of a crystalline 
The melting point is raised by exe: 
at a rate of 0.02° C/atm. Using P-V 

and specinc heat data, the effect of nae 
and temperature on the entropy, 
content, and internal energy of 
was calculated 


sure 
heat 
polythene 


Distribution of Gases Between Aque- 
ous and Liquid Hydrocarbon Phases— 
Hydrogen Sulfide. Rosert L. RorscHacu 
anp F. T. Garpner. /nd Eng. Chem., 
41 (1949) pp. 1380-2 

The distribution coefficients for hydro- 
gen sulfide between hydrocarbons and 
water were determined for the 
Benzene-water at 25° C.; mid-c« 
straight-run gasoline-water at 15°, 25°, 
and 35° C.; and mid-continent straight 
run kerosene-water at 15°, 25°, and 35° 
C. Water requirements and the nl ll 
of theoretical plates required were cal- 
culated for saleaiion of initial hydrogen 
sulfide content from 0.5 to 0.1 and from 
0.5 to 0.01 at 25° C., for each of the 
three hydrocarbon solutions. Values of 
the distribution coefficients are presented 
in tabular form, and the water require- 
ment and theoretical plates for counter- 
current extraction at 25° C. are also 
given in the form of a table. A bibliog- 
raphy of 10 references is concluded 


systems 
——— 


Table of Azeotropes and Nonazeo- 
tropes. L. H. Horstey. Analytical Chem., 

(1949) pp. 831-73 

The table of azeotropes and nonazeo- 
tropes is a supplement to a table pre- 
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c. A vapor balancer that can be made gas free for repairs in a few 
hours. 

d. A vapor seal that has a life equal to that of the tank. 

e. A Gasholder working pressure of Vg to Ys inch of water. 


2. A vapor balancer that has a 100% Dry Seal. 
a. Eliminates corrosion problems attendant with wet seals. 
b. Requires no heating system during freezing weather. 
c. Has no evaporation loss through a water or oil seal. 
d. Requires no attention, adjustment or lubrication. 


3. One vapor balancing mechanism for all tanks. 


a. Provides flexibility of operation 
b. Permits repair of any tank in group without affecting operation. 
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viously published in ANALYTICAI 
CHEMISTRY. Binary systems and ter 
nary systems are tabulated. Individual 
systems are arranged according to em 
pirical formula. Systems containing in 
organic components are listed first, al 
phabetically by formula, and organi 
compounds are listed in accordance with 
the Chemical Abstracts formula index 
system. A formula index is given at the 
end of the tables and lists under each 
compound all the systems in which that 
compound is a component. A_ bibliog 
raphy of 160 references is appended 


Hydrocarbon Azeotropes of Toluene. 
Ropert F. MarscHNER AND WeENDELL P 
Crorrer. /nd Eng. Chem., 41 (1949) 
pp. 1357-62 

The efficient fractionation of toluene 
concentrates, obtained by distillation of 


petroleum of different 


naphthas tr 


types, shows that toluene distills from 
petroleum as ; f toluene-lean 
azeotropes of saturated hydrocarbons 
including several rare cyclopentanes 
Samples of 2-methylheptane and cis-1,3 
dimethyleyclohexane were distilled with 
toluene forming luene-rich azeotropes 
Compositions and boiling points of these 
various toluene azeotropes have beer 


wrrelated in the manner previously used 


< 
tor ¢ relations f benzene - saturated 
hydrocarbor , ropes Toluene shows 
a less wide azeotropic affect than ber 
ene. TI erties of toluene-paraffin 

phthene azeotropes can 


considerable assurance 





Chemical Composition and 
Reactions 





Composition of a Synthetic Gasoline. 
Acrrep CLARK, ANTHONY ANDREWS, AND 
Harotp W. Fremine. Ind. Eng. Chem., 41 

1949) pp. 1527-32 
The au rs repor n the results of 
silica gel per« la 


ht fractions 


reese 
six gasol tr 11 Fairly « 
evidence was ul f the preset 
small amounts of diolefins in most of 


tractions 


by Selective Oxidation. J. P. McC 
LouGH AND J. S. Watton. Ind bn 
Chem. 41 (1949) pp. 1455-9 

Ihe dehydrog on 


selective xi 


Catalytic Dehydrogenation of Ethane 


basis of gener accepted the 
hydrocarbon oxidation ; metl 
selectively burning the hydrogen ey 
in a dehydrogenati 


posed. Oxygen was ac 
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ing hydrocarbon at a number of points 
through the catalyst chamber. Part of 
the hydrogen produced in the course of 
the reaction was oxidized, and only a 
small quantity of oxygenated hydro 
carbons was formed. The removal of 
hydrogen resulted in increased olefinic 
content of the product gases. Yields in 
excess of those theoretically possible in 
conventional processes operating without 
xygen were obtained. The variables 
studied were temperature, space velocity, 
pressure and percent oxygen added to 
the reactior The authors believe that 
ther olefinic compounds, such as buta 
diene or styrene can be made through 
the use of oxidation. A bibliography of 


33 references is included 


The Kinetics of the Thermal Decom- 
position of Propylene. M. Szwarc. / 
Chem., Phys. 17 (1949) pp. 284-91 
Decomposition f propylene was 
studied at 680-870° C. and an investi 
gation is presented of decomposition 


varying from 0.01 to approximately 2 L 
percent. The reaction is homogeneous D 
and of the first order; the Ist-order con : 
stant is given. Two reaction mechanisms 

are considered, both of which will ac . 0 

count for the observed kinetics and for 

the products formed. The first step in 


the thermal decomposition is the split- 
ting of the C-H bond, leading to the 


formation of hydrogen atoms and allyl ... can be used to conserve the vapors of a single 


radicals. An effort is made to account 


the the geen seeggeaes ome pe tank, on which it is installed, or it can serve asa 

atoms arm propyiene motecuies as oOD- 

served by other investigators vapor balancing unit of several interconnected 
The Kinetics of the Thermal Decom- tanks. 


position of Isobutene. M. Szwarc. / 


Chem., Phys. 17 (1949) pp. 292-5 


The thermal decomposition of isobu ADVANTAGES 


Se oe eee |) 1 — 100% dry seal eliminates corrosion, heating and freezing problems. 
Che value of the constant , 
eroducts of the decom 2 — No maintenance other than periodic inspection required 
v ws r ‘ oi n one . 
hydrogen, methane, and | } THE SEAL | 3 — No possibility of stored product being absorbed in seal and creoting 
reactions are explained in : a fire hazard. 


eg + — in which the | & 4 — Out-of-level tank grade does not affect seal operation 
p is the decomposition ot : - 


isobutene into a hydrogen atom and a : 1 — Reduces operating pressure to 13/,” water. 
CH.CMe:CH,; radical 2 — Reint of iat sod tenk , 4 
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1,2-Hexadiene. G. F. Hennion ) BALANCE | 3 — All mechanism completely ascessible from outside. 
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m Rta? pp. 1904-6 5 — No lubrication required 
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yresent wor 





hexadiene 


| pvialiene 
parsion wit the well-known acetylene ‘ 
I-hexyne 1,2-Hexadiene was prepared by For further details, write for a copy of Bulletin VB-10. 
a three-step synthesis starting with n- 
butyraldehyde and sodium acetylide. It , . . ——o . 
was found the reactions of 1,2-hexa 
are similar to those of the higher . " ent 
ducts corres ’ } ia . 
1d $A ) ) ur 1 trom either 1 . am 8 ae ».. “a > of 
r 2-hexyne ictal ree S 
, Ea: O00 Yer 
Method for Identifying Isobutylene. m . 
Epwin D. Parker anp L. A. GoLpBLati 7 . ~ 
Inalytical Chem., 21 (1949) pp. 807-8 rr an’ 
Isobutylene reacts with phenol in the 
presence otf a catalyst t form butyl 
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identification of 2-methy!l 
-methyl-2-butene to the 
4-tert-butyl-phenol 


utilized for the 
l-butene and 
formation ot 


Peroxide-Induced Condensation of 
Saturated Hydrocarbons with Poly- 
chloroethylenes. Louis SCHMERLING AND 
James P. West. Jour. Amer. Chem. S 
71 (1949) pp. 2015-9 

Cond saturated hydro 


such as pt 


ensation rt 
pane isobutane 
cyclopentane, dimethylbutane 
and methylcyclohexane 
cis- and trans-dichl ethylene, tri 
ethylene, and _ tetrachloroethylene 
chain reaction that results in the « 
vinylation of the hydrocarbon, a « 
olefin one chlorine atom less 
than the rmed 
The reaction 

are heated wit! 
peroxide at a 
least as high as the dec« mposition tem 
perature of the peroxide. The peroxide 
nduced liffers from that cat 
alyzed by aluminum chloride in that 
hoth n- and isoparaffins give significant 
vields and the products are unsaturated 
chlorides instead of saturated chlorides 
Furthermore cis- and dichloro 
show little difference in re 
The mechanism involved is dis 


clohexane 


} 
hie 


containing 
chloroethylene being f 
occurs when the substances 
a catalytic amount of a 


ran temperature at 


action 


trans 
ethylene 
activity 
cussed 
Synthesis 
B. J 


Chem 


Thermodynamic Study o: 
Gas Production from Methane 
MAYLAND AND Georcr | Hays 
f 45 (1949) pp. 452-8 


kng. Proores 


Che authors present a general thermo 
synthesis gas pro 
evaluate the 
steam-carbon and the 
oxidation yield, 
based on raw materials and most favor 
able operating conditions. A chart was 
prepared for determining the equilibrium 
outside the carbon deposition 
pressures from 1 to 21.4 
temperatures from 1200 
to 2500° |} and hydrogen to carbon 
monoxide ratios from 1.75 to 2.25. The 
chart can be extended by using the equa 
This chart is particularly 
useful in the calculations related to the 
steam-carbon dioxide reforming process 
In this procedure, maximum yield, based 

natural gas, is obtained at maxi 
mum conversion Consumption of steam 
and carbon dioxide depends on the ex 
cess required to prevent carbon deposi 
tion at equilibrium. The maximum yield 
and the minimum consumption of car 
dioxide and steam are favored by 
high temperature and low pressure. The 
equilibrium calculations for the adiabatic 
reaction of methane and oxygen and of 
methane and air to give synthesis gas 
are also given. To obtain final equilib 
rium temperatures in the range 2350° F 
which are necessary to attain equilibrium 
without the use of a catalyst, an excess 
f oxygen is needed. Maximum yields 
of synthesis gas, based on natural gas 
oxygen consumption, are obtained at 
some temperature below 2200° F. de 
pending upon the pressure used. Sub 
sequently a catalyst is necessary for 
maximum yields in the partial oxidation 
process. A bibliography of eight refer 
ences is included 
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Hydraulic Gradient Across Various 
Bubble-cap Plates. Harotn S. Kemp anp 
Cyrus Pyie. Chem. / 

1949) pp. 435-51 

Kn 
gradient, pressure 
tv for bubble cap 


the design of tl 


wledge of the 
tr 


those of 
hquid lo 


the aut! 


sues tr 
vapor is 


lered t 


gradient 


plate is ns 
hydrauli 
stability are re« 


rangements of 3 
bubble caps 
rate 


and seal dept 


studied 


t ate V ip | 
were « spacing 
caps, and clearance 
skirts of the caps. The \ 
gradient be kept low t 

good vapor distribution and goo apor 
contact without excessive 
entrainment, or plate leakage 
~ the unsuitability of the present the 
oretical equations in allowing for all the 
variables, the authors present the data 
in tabular form. Limits of the flow vari 
ables beyond which suitable operation is 
obtained can be 
the form of liquid-handling ca 
pacity charts. From these, a reliable pr 

cedure for designing bubble-cap plates 
at high liquid rates was developed and 
is explained. Examples are given illus 
trating the use of the charts and calcula 
tion methods that have been developed 
Other factors that should be considered 


sign variables 
number t rows ot 
dt aul 

btair 


f the 


must 


pressure drop 
Bec ause 


not expressed graphi 


cally im 


entrainment 
lownflight area, and plate-spacing. A de 
1 only on stability as obtained 
acity data and charts will often 
uch high liquid rates at corre 
high vapor 
ywwer with respect to 
1 entrainment. A bibliography of 
six references is included 


include pressure drop 
sion base 
trom cay 
permit s 
spondingly rates as to over 
load the t 


lr par 


pressure 


Design of Gas-solid Catalytic Reac- 
tors. R. FE. Hatt ann J. M. Smitn. Chem 
Progress, 4% (1949) pp. 459-70 
rs note that no experimental 
n has been published for 
methods developed for 
nonadiabatic, gas-solid, 
The object of the 
mm was to obtain data for eval 
tating the accuracy of such design pro 
cedure. The work included the measure 
ment of the reaction rate for the cata 
yxidation of sulfur dioxide in a dif 
terential or a small depth reactor over 
the range of conditions encountered in 
an integral, or large depth, reactor. A 
platinum catalyst on an alumina carrier 
was used, Thermal conductivities were 
measured at the same conditions as in 
the integral reactor. Radial temperature 
listribution in the gas and in the catalyst 
was determined, as well as the conver- 
sion in an integral reactor. These deter 
minations were made at catalyst depths 
* O, 2, 4, 6, and 8 inches. Predictions 
of temperature and conversion in the 
integral reactor were made using Gross- 
man's method and the data obtained in 
the experimental work were compared 
with the calculations. It was found that 


Eng 

Che 
substantiati 
any theoretical 
the lesign of 
mverters 


autl 


atalytic ce 


investigati 


lytic 


temperature distributions both in_ the 
solid and gas phases were parabolic in 
nature, indicating little radial mixing of 
the gas in the reactor. Over-all thermal 
conductivities (K values) were found to 
be about 0.2 Btu. per (hr.) (ft.) (°F.) 
for the conditions employed in the inte 

gral reactor. The value of K decreases 
as the tube wall is approached. It is con 
cluded that predictions of temper 
distributions and conversions by 
Grossman method will be possible 

satisfactory correlations of K with 
* packing, flow conditions and 

position are available 


when 
type 


radial 


Separation of Hydrocarbons by Sol- 
vent Extraction. Relation of Distillation, 
Vapor-Liquid Extraction, and Liquid- 
Liquid Extraction. Henry |. HipsHMan 
Ind. & Eng. Chem., 41 (1949) pp. 1366-69 

The article presents equations relating 
the separation selectivities, “, for dis- 
tillation; 8, for liquid-liquid extraction; 
and Y, for vapor-liquid extraction. These 
relationships are useful because they 
the fundamental interrelation and 
the limitations and advantages of the 
three methods of separation. Further- 
more, a broad survey of the possibility 
of separating a large number of com- 
pounds from each other by these meth- 
ods can be made with a few experi- 
mental data. For separation of compo- 
nents that follow at least approximately 
the perfect solution and gas such 
for example, as the hydrocarbons the 
relationship « « B is approximately 
true when the proper definitions of &, 
B, and Y are used 


show 


laws 


Separation of Hydrocarbons by Sol- 
vent Extraction. Separation by Chemical 
Type and Molecular Weight. Hirenry | 
HipsHMan. [nd Eng. Chem., 41 (1949) 
pp. 1369-74 

Selectivities for 
bons by vapor-liquid 
extraction 
from partial pressure 


separating hydrocar 
and liquid-liquid 
were calculated 
data ot hydrocar 


processes 


Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research Foun- 
dation, 33rd, Federal and Dearborn 
Streets, Chicago 16, has received 
urgent requests for the chemicals 
listed below. If anyone has one or 
only gram quan- 
tities, please inform the Registry 

3-Bromo-2-chloro-1-propene 
2,6- Bis(bromomethyl)-p-cresol 


more, even i one 


B-Chloropropiophenone 
Cyanogen 

‘yclobutane 

»- Fluoroaniline 
»-Fluorophenylhydrazine 
Methyl-3-hydroxypropiophenone 
-Methyl-5-hydroxypropiophenone 
-Methyl-3-nitropropiophenone 
- Methyl-5-nitropropiophenone 
Japhthalene-1,6-disulfonic acid 
is- (2-(2’-fluoroethoxy ) -ethoxy) - 
methane 

Pentamethylphenol 

Durenol 

2-Amino-1,3,4-triazol 
N-Ethyl-N-tert.-butylaniline 
Perfluoroethylcyclohexane 
trans Hexahydrophthalic acid 
Perfluoroheptane 

Colophene 

1,1-Diacetylethylene 


woos 


Z 
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SUPERSENSITIVE 
DIAPHRAGM SHEET PACKING 


Soft and Supersensitive ... that’s what pack- 
ing has to be when it must respond to the 
slightest change in pressure. U. S. Super- 
sensitive is used in pressure regulators be- 
cause it is so flexible and responsive. An 
original U. S. Rubber Company development, 
U. S. Supersensitive has high strength 
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—67 P.S.I. across a 2” circular opening in 
the 1-32” thickness. Available in rolls of 
various thicknesses. 


U.S. 899 F.0.P. COMPRESSED ASBESTOS SHEET 


For packing flanges or joints against superheated 
or saturated steam, air, ammonia, gases, oil, gaso- 
line, water, some acids, alkaline solutions and 
other chemicals. It is the ideal sheet for Still Head 
gaskets or other severe service where hot oil is 
encountered. Will not soften, burn, ooze or blow 
out of a joint. 


PRODUCT OF 


UNITED STATES 
RUBBER COMPANY 











UALITY in world famous 

W-S Forged Steel Fittings 
starts with proper selection of basic metals. Long before problems of 
forging, machining and testing arise, W-S technicians concern them- 
selves with end uses in the determination of proper steel analysis for 
the various jobs Fittings must perform. 

For example, working closely with Refinery engineers, W-S techni- 
cians helped establish standards for the physical properties of various 
fittings alloys were first to use fitting materials of closely controlled 
uniformity (low sulphur-low phosphor) for the special demands of 
refinery services. 

And, W-S has kept pace with changing methods in other processing 
industries too, meeting each new challenge with stronger, tougher alloys, 
producing forged fittings always correct — metallurgically. 

They meet the broad, diversified needs of all industry and are 
available in both screw and socket weld types. Forged and precision 
machined of stainless, carbon and alloy steel .... Investigate. 


WATSON -STULMAN 


ROSELLE, NEW JERSEY 
ESTABLISHED 1848 


SOLD THROUGH LEADING DISTRIBuToRs 
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bons above a typical selective solvent, 
dimethyl phthalate. It was found that 
the boiling range of a solution separable 
by the liquid-liquid process is approxi 
mately three times that separable by a 
vapor-liquid process. Selectivities for 
separating hydrocarbons from the same 
boiling point according to chemical type 
increase with boiling point, and result in 
extraction in the following order: un 
substituted aromatics, such as benzene 
and naphthalene, alkyl-substituted aro 
matics, naphthenes, and finally, paraf 
fins. A bibliography of seven references 
is included 


Optimum Temperature Gradient in Se- 
lective Solvent Extraction. F. J. Reeves 
Ind. & Eng. Chem., 41 (1949) pp. 1490-2. 

rhe author expands the relationships 
suggested by Kalichevsky for estimating 
yields and properties of products from 
the solvent refining of lubricating oils 
The broadening of these relationships is 
made to include the temperature gradi 
ent used to increase the efficiency of 
counterflow extraction towers. Analysis 
of the new functions proves the exist 
ence of optimum raffinate and extract 
reject temperatures which will give the 
greatest raffinz vield. The numerical 
values of tl timum temperatures 
are tound by substitution of experimen 
tally determined ¢ ints in the simple 
algebraic express s. Temperature 
gradient betweer t ion stages is 
necessary only \ ' umber of 
stages is small hen a large number of 
stages is used the expression can be con 
ducted at constant temper: without 
loss of product. Commer raction 
towers in general are designed to have 
a small number of stages and must be 
operated with a temperature gradient to 
achieve maximum efficiency A bibliog 
raphy of 12 references is included 


Montmorillonite Cracking Catalyst. 
Demonstration of Presence of Hydrogen 
Ion in Heated Filtrol Clay Catalysts. 
ALEXANDER GRENALL. Ind. & Eng. Chem., 
41 (1949) pp. 1485-9 
The author presents the evidence for 
ve presence of hydrogen ion in Filtrol 
clay catalyst over the entire range of 
catalytically important cracking temper 
atures. The method of physical chemical 
titration is described. The hydrogen ion 


+} 


content was found to be a linear func 
tion of the temperature at which the 
catalyst is heated in air. From this rela- 
tionship it is possible to calculate the 
dec mposition temperature of montmo 
rillonite clay. This temperature, calcu 
lated for several lots of catalyst, agrees 
with that found exnerimentally by x-ray 
and differential thermal analysis. Steam 
treatment has a nonlinear effect on the 
hydrogen ion content of the catalyst. Iso 
thermally at any given temperature, increas- 
ing steam concentration gives an apparent 
equilibrium point, dependent upon the 
isotherm temperature for hydrogen ion 
removal. At a given steam concentra- 
tion, increasing the temperature of the 
catalyst lowers the hydrogen ion con- 
tent 


Maintenance of Heat Transfer by 
Cooling Water Treatment. W. A. Hat 
AND Roy F. Weston. Ind. & Eng. Chem 
41 (1949) pp. 1409-12 

A method is described by which 
exchanger fouling can be evaluated in 
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terms of throughput capacity. This pro- 
cedure has been established as a routine 
weekly check on cooling water treat- 
ment. Results of a study of plant equip- 
ment are presented that demonstrate the 
applicability and the usefulness of the 
method. The fouling was caused by 
slime deposits from the cooling water 
Jacteriological, chemical, physical, and 
fouling data are given for two systems, 
both with and without water treatment 
[he water treatment used consisted of 
the phenolic-type compounds in one 
case and chlorimation in the other 
Slimes were in general bacterial in 
origin. An accumulation of about 0.68 
gram of slime per square foot of surface 
area caused approximately a 33 percent 
loss in heat transfer capacity tor the 
design nditions of one typical con 
denser. Water treatment will not only 
keep the plant unit clean, but once the 


unit had been fouled, water treatment 


will gradual 





Products: Properties, 
Utilization and Analysis 





Phenolic Antioxidants for Paraffinic 
Materials. Hepsrert Morawerz. /nd 
Eng. Chem., 41 (1949) pp. 1442-7 

! pur se t the investigation was 
I l pounds as anti 
wax, Thirty-four 
and =tw xylene- 
lensation products 
163° C., and several 
ul structure 
re estab- 

eo 
substitu 
rove the 
anti- 
bserved 
methylene, 
1 antioxidant 
ntroducing 
to a sub 
res if ] 
effective 

paratiin wax 
ilar parattin 


ch 


Determination of Relative Color Den- 
sity of Liquids—A Rapid Photoelectric 
Method. Lours LyKKEN aNp JOHN Rat 
Ir. Analyt é 21 (1949) pp. 787 


, the relative 
1 is obtained by 
lensity of the 


yr ¢ mparison 


Dp 
I 


density of th 
d by dividing 


lculate 
lensity by that of the color 
standard The result is, 
t comparison of the 
the test material and 
andard The method is 
applicable to the determi- 
vod 


| substances present in 


Here’s a chemical gage 
for any pressure to 2500 p. s. i. 
and also for vacuum or compound ranges, 
and temperatures to 300° F, 


@ An accurate pressure gage for use where 
chemicals or viscous liquids either corrode or 


clog a Bourdon tube. 


The diaphragm is “TEFLON” which resists 
practically all corrosive chemicals. The diaphragm 
chamber is supplied of any metal most suitable 


for the service. 


Write for complete information about the new 
Helicoid Chemical Gage. 





Only Helicoid Pressure Gages 
have the Helicoid Movement 


HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE 


Bridgeport 2, Connecticut 
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_ The Analysis of Gases By Absorption with 84 theoretical 

Science & Technology By the Liquefied Gases Panel of Sub- height. The hold-up i 
Committee No. 3—Gases and Light Dis- pressure drop is lov 

tillates. /our. /nst. of Petroleum, 35 (1949) be used in place 


353-62 existing columns. T! 
] 








nethod presented is by the packing in genera reviewed 
1 Gases Panel of Sub-Committee The development f i yoke 
] scribed is reviewed and the results of 

the work are summarized in the paper 

A mixture of 20 percent normal heptane 

and 80 percent methyl cyclohexane was 

used throughout for the determination 


{ fractionating efficiency 


Evaluation of Vacuum Rectification 
Columns. Use of Binary Test Mixtures. 
TuntaAN FetopmMan, Mary Myts IRVING 
t’ twp WenperR AND Mitton Orcuin. Ind. Eng 

in the petr i Chem., 41 (1949) pp. 1032-6 
new absorp olution [wo binary solutior decane 
and cyclohexylcyclopentane and (b) n 


1 $ 1) n-d 
tridecane and dicyclohexyl were studied 
! for use in measuring the efficiency of 
bibliography ur ret ne tractionating olumns un Vi 1 
Microdetermination Carbon and — i \ . = d ssi P = ues ayer eee 
Hydrogen. Friepricn ¢ FISCHER fone nie it apor-iiquid equilibrium data are given 
tical Chem., 21 (1949) pp 27-5 ! 


severa compositions at pressures 


i 
High Efficiency Laboratory Fractiona- 20 to 350 m1 
tion. I. Gauze Ring Packing and Flood- 
ing Technique for Laboratory Columns. 
©. G. Dixon. Jour. Soc. Chem. Ind., 68 
1949) pp. 88-91 
The development of gauze-ring ran 
packing for laboratory scale frac 
nating columns is described. The 
packing comprises small open-ended cyl 
inders of wire gauze. The column is so 
rated a thin film of liquid is 


ntau r the et e surtace of tl 


m is produced by fh 


" } 
e hil 


racking before the start of 8 Tide Water Pays Workers 
For Winning Suggestions 
Louis S. Radeke and Paul S. Haw 
thorne, employes of Tide Water Asso- 
ciated’s Avon refinery, have received 
cash awards of $1600 and $1050, respec- 
tively, for suggestions submitted during 
: . : 1948 under the company’s suggestion 
+ plan 
; P Radeke, from Martinez, Calif., won 
the first capital award in the western 


, q livision and second place recognition in 
: the company’s national suggestion plan 
. , : 


an Hawthorne, who is from Port 


ee 4 Chicago, Calif., is winner of the second 
al award in the western division 
; ‘ d recipient of national third place 
nors 

The 10,000th idea submitted by em 
' yes of the 3z mne refinery of Tide 
Water Associated si inception of its 
suggestion plan F earned a 
ash award for its author hn P. O'Grady 
at a ceremony presided over by Frank W 
Keebler, assistant general superintendent 
f the refinery. O'Grady has been wit! 

»> 


he company tor 22 years 


The illustration is typical of Multi-Metal application used by a 
petroleum processor where emphasis is on rugged and accurately LPGA's New York Meeting 


aligned construction. Note how the heavy wire mesh is carefully Features Sales, Marketing 

welded to the heavy angle iron frame. Such attention to even 

the slightest details of workmanship is a 35-year old tradition 7 id Pgesomes a = 

at Multi-Metal. We custom fabricate your choice of wire or filter meeting September 15 and 16 in ti 

cloth to any desired type of unit, from a small strainer to the antep auditorium of Ne w York’ 

most complex filtering apparatus. Send blueprints for a quota- ath the ye © pe me - = aoa 

tion, or write for free catalog and wire cloth samples. f_meeting comp tei . Spe che 
iscussion panels wt ” cid ¢ 

| 


Wire Cloth the industry's progress, leg 


Filter Cloth 7 al trends. how t handle cor 
~~~ nd sales and marketir tecl 
All Metals Mu tl -Meta ‘ ; al : arketing 

° welve ar ’ committe 


WIRE CLOTH COMPANY, INC. an f pecial chairmer 


appointed for 1949-1950 by tl 
1350 Garrison Ave., New York 59,N.Y Petroleum Gas Association 
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50 years ago... 


.. led to one thing, 
to ther, to another... 


When Taylor Forge started up, way back, with spiral 
pipe it was our No..1 item (still important). In those 
days cast iron flanges were largely used, and the troubles 
resulting from flange breakage were frequent and ag- 
gravating. The remedy for this major headache was 
found in the development of forged steel flanges; first 
for our own spiral pipe, later for our straight seam, and 
in fact any pipe; finally for general pressure vessel 
and industrial application. 

That put us definitely in the forging business some 
forty years ago and was the start of a long pioneering 
journey into the field of engineered piping problems 
The expanding needs of industry multiplied the re- 
sponse for larger, heavier, stronger, and tougher flange 
and ring forgings to which we reacted with new, 
heavier, and numerous units of forge, press, and rolling 
equipment. It was equally necessary to pioneer design 
methods, not only for flanges and pipe application, but 
for other pressure vessel components as well—so that 3. cninmergudetewers. | 4 Sobages tvecghoudl 
almost automatically we became, and remain, the 
world’s largest manufacturer of forged (or forge- 
rolled) steel flanges, welding necks, manways and 
nozzles, etc., for amy application. 

Then came rapid strides in the art of welding which 
quickly cancelled out the crude, cut-fit-patch methods 
first attempted in pipe systems. Again we found it 
necessary to engineer the design of suitable components. 
Several years of research preceded the development of 5, Merkings on every fing | & Cleanly machined bevels 
the full, engineered line of Taylor Forge welding fit- thes cabo create —— 
tings—the well-known WeldELL line. Examine the 
illustrations to the right, and note how many unique 
features combine good engineering with good sense 
and ultimate economy. The coupon below is the con- 
venient means for getting more information about the 
fittings that have “Everything” 


1 Forged and formed Sized end tangents or 
* seamless throughout. * every fitting. 








“ 7. a =~ 

All moteriols: Corbon The world's widest range 

* and alloy steels; corro- *° of types, sizes and 
sion resistant alloys. weights 

Sa ee i 


Please send a copy of your new catalog 484 covering welding 
fittings and forged steel flanges. 


N 7 
TAYLOR FORGE & PIPE WORKS General Offices & 1:8 
Works: Chicago 90, Ill. (P.O. Box 485). Eastern Plant: Car- 


Position 
negie, Pa. Western Plant: Fontana, Calif. ¢ District Ofices— | 


New York: $0 Church Street e Philadelphia: Broad Street Compony 
Station Bidg. © Pittsburgh: First National Bank Bidg. « 
Chicago District Sales: 208 S. LaSalle Street © Houston: City 
National Bank Bldg. © Los Angeles: Subway Terminal Bldg. 


Street address 
City a Zone _ State : os 
507-0949 Mail to Taylor Forge & Pipe Works, P.O. Box 485, Chicago 90, Ill. 
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WARREN PETROLEUM CORPORATION 


Producers, Manufacturers, Export Terminals: Corpus Christi, Port Arthur, Baytown 


Exporters and Marketers Texas City, and Norsworthy, Houston, Texas 
TULSA 2, OKLAHOMA CABLE ADDRESSES: Stavolene, Warren 


Crude Oil, Natural Gasoline and Liquefied Petroleum Products —© 





PATENTS Perta, 
PETROLEUM RE ||, 


A Digest by 


HEINZ HEINEMANN 


From the U. S. Official 
Gazette June 14, 21, 28 and 
July 5, 1949 





bons. The gases are extracted with a organic acid, such as a naphthenate. Thé 
REFINING solvent for the oxy-compounds. The crude is then subjected to distillation 
overhead of this extraction is cooled to 
liquefy the hydrocarbons and separate U.S.P. 2,473,522. Treatment of Crude 
them from solvent. Gases and solvent Oil. R.L. Harris to The Standard Off 
uncondensed in this step are scrubbed Company of Ohio 
st with a heavy absorptiyn oil having at Crude oil is mixed with a monovalent 
owe least 5 C atoms per mol base soap of an unsaturated fatty acid 
Details of a process are claimed for ot at least 10 C atoms, such as the ams 
U.S.P. 2,472,908. Process for Treating a onium soap of oleic acid, tall oil, of 
Hydrocarbon Mixture which is Con- corn oil acids, preferably suspended in afl 
taminated by Small Amounts of Or- inert liquid. The mixture is allowed t@ 
ganic Fluorine Compounds. C. B. Lin: settle. The settled sludge formed is pumps 
to Universal Oil Products Company able at low temperatures of 32-65° | 
mbustion zone is A hydrocarbon material contan inated 
acture of hydrogen by a. small percentage of organically U.S.P. 2,473,750. Inhibiting Polymerizas 
— combined fluorine, such as obtained in tion and Corrosiveness of Furfural by 
alkylation processes, is contacted at de Mercaptobenzothiazole. F. C. Hillyer 
fluorinating temperature and pressure and D. A. Nicewander to Phillips Pet 
U.S.P. 2,472,810. Recovery of Light Oil with an anhydrous liquid complex of = leum ¢ ompany 
from Absorbent. F. Denig to Koppers BF; and an alcohol, ether, carbonyl com ; urfural to be used as a selective 
Company pound, carboxylic acid, or their anh : vent in the extractive distillation of 
the eamene f light-oil vapors drides or esters. Purified hvdrocarbor hydrocarbon mixtures containing unsate 
wanes ty means of irates, is blended with a minor propore 





U.S.P. 2,472,345. Recovery of Hydrocar- 
bons from Oil Shale. A. Clark and H 


R. Sailors to Phillips Petroleum Com- 


recovery of hydrocarbons from 
hale. Fresh oil shale is combined in the 
distillation zo with ot shale from a 
mbustion the carbonace 
leposi he shale stripped in the 
wuurned. The carbon 


used to refine products ot 


one by hydrogenolysis 


material is recovered 1 
tion of merchaptobenzothiazole to pres 
direct U-S.P. 2,473,195. Treatment of Oils Cor- vent polymerization of the furfural 
rosive to Co r.C. A. Col to Stand ; 
| ard Oil De = sete ( pct ai U.S.P. 2,474,032. Process for Removin 
umulation of i eteilioen Gin ahiete tat Bisse a Fluorine Compound from a Liqui 
nts is re ne seaaiadl aniiih: akeame CRN oeadh Mae tei Hydrocarbon. A. ( Byrns to The 
‘ Permanent Metals Corporation 


ee ee ther treated for neutralization and 1 
bsorbent il is wit “ — . ao S . iquid hvdrocar ining 
mee and BP p> fining is finally treated with an aqueous ; Liquid hy irc carbon containing a fluo- 
oft A Hoes solution of a normal alkali metal sulfite ne compound is pressed through a bed 
eee in order to make the oil non-corrosive ©, Ms(OH):—aggregate obtained by 
to cones pelleting an admixture of Mg(OH), 
! sludge substantially free of silica with 
awn UaP. 2,473,203 Diolefin Distillation. R. light burnt MgO and allowing the pel- 
contaminan ts as Howe to Standard Oil Develop-  leted admixture to hydrate 
residuum sufficiently super ment Compan, 
heated avoid condensation, with t e Se the distillation of disleBas a sche U.S.P. 2,474,827. Separation of Hydro- 
volatilize nstituents is then flowed tively non-volatile polymerization inhibi carbons. F. E. Condon to Phillips Pe- 
int he absorbent oil exit end of tl troleum Company 
t 


tor, such as a substituted naphthylamine 

stripping zone. The stripping is effected r tert,-butyl catechol, is introduced as \ mixture comprising at least one 
solely by the steam and volatile portions a fife mist into distilled vapors of the saturated hydrocarbon with a tert C 
from said minor portion diolefin leaving the still atom and one saturated hydrocarbon 
without a tert. C atom is reacted with 

U.S.P. 2,472,837. Separation of Organic U.S.P. 2,473,431. pene of Crude a sec. or tert. alkyl or cycloalkyl halide 
Compounds. ( C. King to The M. W Petroleum Oil. O. Hoover to Air in the presence of a Friedel-Crafts metal 
Ke mpany Reduction ( << Paling Inc halide catalyst. Halogen-hydrogen ex- 
The products of hydrogenation of car The corrosiveness of crude petroleum change is effected at temperatures not 
bon oxides are cooled to condensate containing solutions of inorganic salts exceeding 40° C. and a reaction time not 
normally liquid components and sep unstable at distillation temperatures of exceeding 10 minutes. The tert. halide 
arate them from the gases containing the crude is reduced by treatment with formed trom the hydrocarbon with a 
organic oxy-compounds and hydrocar- an alkali metal soap of a water-insoluble tert. C atom is separated and reacted 


s recycled 
light il by 
absorbent 


ripping zone 
superheate d steam 
sufficient to vola 


f the withd: 
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hydrocarbon having a 
of the same 
li 


saturated 
atom in the presence 
same con 


catalyst under the 
4 step Ry 


the first 
ak gen hydre 


reaction 
men exchange 
saturated hy 
and recovere 


mentioned tert 


n is regenerated 


U.S.P. 2,475,094. Cuprous Salt Inhibitors 
for Furfural Copolymerization. |]. ( 
Hillyer and D. A. Nicewander t 


( mpany 


rated hydrocarbons by extractive distil- 
lation with furfural, a small amount of 
Cu.Chk, Cu( NH,)Cl. CusCOs, or cuprous 
ammonium acetate is added to the fur- 
fural. Copolymerization of furfural with 
the diolefin is inhibited by the additive 


Solvent Refining of 
Manley to The Texas 


U.S.P. 2,475,147. 
Light Oils. R. I 
Company 
Details of a process are claimed for 

the solvent separation of feed oil con- 
ning at least a small proportion of 
nstituents with true b.p.’s in the range 

he solvent boiling temperature and 
below. The feed oil, e.g. kerosine or low 
boiling gas oil, is extracted with a selec- 

Ivent such as furfural in the pres- 

all amount of water under 
form extract and raffinate 


tive s¢« 


Installation and maintenance are easy — even in the tight places 
commonly encountered in refinery and petroleum processing pipe lines — 
when you use Badger Packless Corrugated Expansion Joints. Thanks to 
thoughtful designing, the outside diameter of: any Badger Joint is about 


the same as an ordinary flange . 
new pipe section 


installation is as easy as bolting in a 
. Space requirements are cut to a minimum. 


And here are other features equally important to you: 


@ Flexible 


quick response to heat expansion cuts strain on 


adjacent fittings and equipment. 


Packless 
joint without packing. 


Fabricated from stainless steel or alloys 


single tube construction provides pressure-tight 


joints withstand 


the high temperatures and corrosion encountered in oil refineries 
and other petroleum processing plants. 


Controlled Heat Treating 
ities for long life. 


Special forming methods 
stresses. 


Directed flexing rings 
within corrugations. 


These features are important in any pipe line job. . 


assures corrosion-resisting qual- 


no danger of structure-weakening 


to equalize stresses between and 


you can get them 


all only by specifying Badger Expansion Joints. 


Write today for Bulletin 100 (self-equalizing type) or Bulletin 200 (non- 


equalizing type) 


g a d g e r MANUFACTURING COMPANY 


230-260 BENT ST. » CAMBRIDGE 41, MASS. 


The process claimed is particu- 
with the recovery of 


phases 
larly concerned 
the solvent 


U.S.P. 2,475,255. Method of Drying 
Gases. W. F. Rollman to Standard Oil 
Development Company 
\ moisture-containing 

petroleum or natural gases, is 

through a cooling zone containing a 

body of granular material at a velocity 

sufficient to keep this material in sus 
pension within the gas. The temperature 
of the cooling zone shall be such that the 
moisture of the gas is frozen. The ice 
separated from the 


suc h as 


gas, 
passe d 


particles formed are 
withdrawn gas 


U.S.P. 2,475,328. Decolorizing of Oil 
with Magnesium Silicate. W. A. La 
Lande, Jr., to Attapulgus Clay Com- 
pany 
Oil to be decolorized is contacted at a 

temperature of 200-500° F. with a water- 

nsoluble magnesium silicate activated by 
treatment with an ammonium compound 
vielding NH, ions in solution 
at a temperature between 150° F. and the 

b.p. of the solution. The adsorbent has 

improved decolorizing and bleaching 

oils and forms an improved 
conversion catalyst 


aqueous 


power tor 





CATALYST PREPARATION, 
ACTIVATION, AND REGENERATION 





U.S.P. 2,472,830. Preparation of Silica- 
Containing Catalysts. FE. A. Hunter to 
Standard Oil Development Company 
\ silica-magnesia hydrogel is soaked 

solution of an aluminum salt to 

cause the magnesia of the hydrogel to 

react with the aluminum salt to form a 

silica-alumina hydrogel and a magnesium 

salt. This washed free 
f magnesium salt activated 
for use as a catalyst 


U.S.P. 2,472,831. Process for the Prepa- 
ration of a Silica-Metal Oxide Hydro- 
gel Catalyst. E. A. Hunter and C. N 
Kimberlin, Jr.. to Standard Oil De- 
velopment Company 
he method according to U.S.P. 2,472,- 

&30 is here employed for the preparation 

mprising silica and the 
oxide of a metal other than magnesia 
selected from groups Il, VI, and VII of 
table 


U.S.P. 2,472,832. Process for the Prepa- 
ration of a Silica-Group IV Metal 
Oxide Catalyst. E. A. Hunter and ¢ 
N. Kimberlin, Jr., to Standard Oil De- 
velopment Cor 

of this patent differs from 

2,472,831 only in that in 


metal of 


in a 


hydrogel is then 
dried and 


t a hydrogel « 


the period 


ipany 

Phe process 
that of U.S.P 
the present case a salt 
group IV of the period 


pl ved 


U.S.P. 2,472,833. Process for the Prepa- 
ration of a Silica-Group VIII Metal 
Oxide Catalyst. EK. A. Hunter and ( 
N. Kimberlin, Jr to Standard QOul 
Development Company 
\ salt of a metal of 

periodic table 
alun 
U.S.P 


l group VIII 
is here employed 11 
ina salt in the proces 


2,472,830 


U.S.P. 2,472,834. Cracking Ca 
E. Schexnailder and | A. | 
dard Onl lor 


talyst. K 
“il . 





PROPERTIES OF ZEROLITE 


Water absorp- 
tion percent by 
volume (sub- 
merged 24 hr.) 





Moisture 
absorption in 
air (75 percent 
relative hu- 
midity, 96 hr.) 


300. 0.030 2.0 0.0 
Coef. 


Compression, 
in. (load, 500 
Ib. per sq. ft.) 


Cohesive 
strength, 
Ib. per 
sq. ft. 

















Specific 
Heat 


Average 
weight, linear 
Ib. per change 

cu. ft, with 


Com- 
busti- 
bility 


Modulus Thermal 
of Conductivity 
rupture, (MEAN TEMP.) 


psi [70 + as tame 


temp. 





40. 








.28) .25)] .22 Fire- 15. 
resist- 
ont 
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a OUNTS is the outstanding 


cold insulation for use to 


minus 400F 


IF you’re checking specifications on 
insulations for a new refinery or 
chemical plant, take a good look at 
what Zerolite* Refrigeration Insula- 
tion has to offer: 


Moisture absorption in air: 0.0; 
Combustibility: fire-resistant; Ther- 
mal conductivity at 70F: .28; Resist- 
ance to chemical damage: immune to 
attack by most organic solvents such 
as benzol, methyl ethyl ketone, and 
petroleum fractions and derivatives. 


.. +. Just a few reasons why Zerolite 
is considered by so many to be today’s 
outstanding refrigeration insulation 
*Reg. U. S. Pat. Off. 


Johns-Manville dia 


for industrial use. There are other 
reasons you ought to know more 
about, too ... and especially so if you 
are considering an insulation for any 
of the uses listed here... 


Zerolite is made from mineral wool 
processed with a special resin binder 
to make it exceptionally resistant to 
moisture and chemicals. It is available 
in sheet, lagging and pipe insulation 
form ...in a variety of sizes and 
thicknesses. The pipe insulations are 
further protected with an asphalt-sat- 
urated asbestos felt that reduces the 
need for seam filling and speeds in- 
stallation. 





ZEROLITE IS 
RECOMMENDED FOR: 


Petroleum dewaxing equipment 

Gas purifiers and condensers 

Chillers and exchangers 

Chemical process lines 

Pharmaceutical process equip- 
ment 

Reactors and economizers 

Solvent storage and piping 

Ammonia lines 

Cold tanks and vessels 

Freon lines 

Air conditioning equip 


SEND FOR FOLDER 





A copy of this new 
Zerolite folder is 
yours for the ask- 
ing. Write Johns- 
Manville, Box 
290, New York 
16, New York. 








ROUTE 
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BUILDERS Of OUTSTANDING PUMPS SINCE 1869 


8001 
Turbine Drive Horizontal Split Case 
8000 C Multi Stege Centrifugal Pump 


Motor Drive Horizontal Split Case 
Double Suction Centrifugal Pump 


4049 A 


ieee | wee Turbine Drive Clese Coupled Cen- 
- trifuge!l Pump 


i 942 : 2352 B 


Single Style, Packed Piston Pattern Durable Duplex, Outside End Packed, 
St 


‘eam Pump Plunger Pattern Steam Pump 


3918 5038 
Horizontal Duplex, Double Acting, 
Durable Duplex, Packed Piston Pat- Side Pot, Piston Type, Oil Beth 
tera Steam Pump Power Pump 


fsraatrsxeD [869 


DEAN BROTHERS PUMPS /NC. 


/NOIANAPOLIS /ND. 
327 W. Tent Sr. 
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| earth metal oxide is soaked with a solu 
tion of a salt of a metal, the oxide of 
which exerts a catalytic effect upon the 
conversion of hydrocarbon oils 


U.S.P. 2,472,844. Maintenance of Cata- 
lyst Activity in Hydrocarbon Conver- 
sion Processes. J. C. Munday and E 
W. S. Nicholson to Standard Oil De- 
velopment Company 
The rate of deposition of carbonaceous 

contaminants on a regenerable catalyst 

for hydrocarbon oil conversion is re- 
tarded by passing first oil vapors and 
then hydrogen over the catalyst during 
the reaction period, each for intervals 
of from a fraction of a second to about 

15 minutes. The method can, for ex- 

ample, be employed in the reforming of 

naphtha in the presence of an alumina- 
chromia catalyst 


U.S.P. 2,474,028. Recovery of Phenol 
Salts from Aqueous Solutions. C. W. 
Berger to The Inventors Guild 
Aqueous caustic spent in the extrac- 

tion of sulfur and phenolic impurities 
from hydrocarbons and regenerated by 
oxidation to remove mercaptans, is ex- 
tracted with a liquid organic base having 
two aromatic groups, the one of which 
contains a nitrogen atom. The raffinate 
formed contains the cleaned caustic which 
is recycled. The organic base is recovered 
from the extract for further use 


U.S.P. 2,474,198. Moisture Content-Tem- 
perature Correlation in a Moving Bed 
Catalyst Regeneration Process. R. Lee 
and F. E. Ray to Socony-Vacuum 
Oil Company, In« 

An adsorptive contact mass conta 
nated with a hydrogen-containing com- 
bustible carbonaceous lepc sit and sub 
ject to deterioration at temperatures 
greater than 1050-1100 in the presence 
of a gas containing more tha 

nt of water vapor b 

anding temper I f 1300-1400° 

e€ presence of t ating gas with 
more than 5 percent water vapor 
treated for regeneration in a particular 
manner in consideration of said proper- 


t t 


ties of the mass under treatmer 


U.S.P. 2,474,199. Method for Contacting 
Gases and Moving Particle Form 
Solids. C. H. Lechthaler, J. W. Payne 
and P. D. Valas to Socony-Vacuum 
Oil Company, In« 

A particle form adsorbent material use- 
ful in the catalytic conversion of hydro 
carbons, e.g 1 clay-type material, is 
1 claimed in detail. The 


1 transversely through 


dried by a met! 
dr ying gas 1S passe 
} } 


Ving cotumy or t mater i under 
! 


treatment ar 
ross the 
maintaine 
the drying temper 
U.S.P. 2,474,214. Preparation of Zinc 
Aluminate Spinel Catalyst. J. F. Black 
rd Oil Development Com- 
t spinel em- 
used according t 
this purpose the 
spinel is prepared by simultaneously in- 
teracting at 150-200° F. an acid solution 
of a zine salt with a basic solution of 
an alkali metal aluminate containing ar 
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excess of the base A basic slurry is 
formed which contains the zinc alumi 
nate as precipitate 


U.S.P. 2,474,215. Preparation of a Zinc 
Aluminate—Group VI Metal Oxide 
Catalyst. K. K. Kearby to Standard 
Oil Development Company 
The zinc-aluminate precipitate ob 

tained according to U.S.P. 2,474,214 is 

washed, dried and calcined, whereupon 

a group VI metal oxide, such as molyb 

denum oxide, is incorporated into the 

precipitate to form the catalyst used in 

the process according to U.S.P. 2,474,213 


U.S.P. 2,474,440. Process for the Pro- 
duction of a Lithium-Aluminum Com- | 
pound as a Base for a Conversion 
Catalyst. A. E. Smith and O. A. Beeck 
to Shell Development Company 
A hydrocarbon conversion catalyst is | 

produced by depositing at least 0.5 per 

cent LisO on the surface of an adsorp 
tive alumina and reacting the LizxO and 

Al,Os at a temperature above 700° ( 

but below that causing fusion. At least 

the surface of the combined materials 
shall thereby be converted into the com 
pound Li,O*5Al,Os. After washing the 
product for removal of free LiO, a pro 
moter is incorporated ir 

U.S.P. 2,474,834. Apparatus for Gas-Solid 
Contacting Operations. F. J. Fontana 
to Houdry Process Corporation 
An apparatus is claimed in which a 

downwardly moving d of a granular 





said surface 


solid is contacted with a gas and which 
is particularly valuable in the regenera 
tion of spent catalyst. The new appara 
tus ensures regularity and uniformity of 
solid flow 
U.S.P. 2,474,888. Preparation of Silica- 
Alumina Gel. G. C. Connolly to Stand 
ard Oil Development Company 
lrosol containing a sub 
f acid, Al(OH )s is added 
sufficient to completely 


is then « 


NH,OH 
formed bef 
prepared silica-alumina gel is useful as a 
I ! carbon conversion catalyst 
U.S.P. 2,474,910-1. Preparation of Spher- 
ical Gel Particles. J. A. Pierce and C 
N. K rli r. to Standard Oil De 
mpany 
rganic gels useful as cat 
carbon conversions are 
] n by maintain 
ling substance 
of droy 
nic liquid 
e.g. buta 
droy 
yntact with this 
hydrogel pat 
are dried 
474,911 claims details of a 
preparation of such 
1 an emulsion of the 
rganic liquid capable of 
forming a separate layer in contact with 
water and of lower density than the 
hydrosol. 


U.S.P. 2,475,155. Process of Producing a 
Supported Platinum Metal Catalyst. F 
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"A versatile valve 
for general service 


STEAM ¢ HOT WATER e COLD WATER 
AIR AND GAS « GASOLINE « OlL ¢ BUTANE « PROPANE 


Fig. 123 is an exceptionally rugged valve... available with various 
types of discs especially compounded to give top results on the services 
for which they are recommended. Discs can be renewed or interchanged 
quick as a wink, insuring long-time satisfactory valve service with 
negligible maintenance expense. Disc holder is slip-on type, perfectly 
guided. Hexagon head gland is an aid to easy repacking. A further 
economy feature is the distinctive long-wearing stem material developed 
by Lunkenheimer, eliminating stem-thread failure due to wear. 

The “N-M-D” valve is also regularly available in angle, check and 
quick operating patterns. Circular No. 558, descriptive of the complete 
line, is yours for the asking. 


ESTABLISHED 1662 


THE LUNKENHEIMER 


— "QUALITY = 
CINCINNATI 14, OHIO. U.S.A. 


NEW YORK 13 HICAGO 6 FC 10 PHILADELPHIA 34 
ISON ST NEW YORK 13.N.¥ 


EXPORT DEPT 318 322 + 
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\ é — available in all industrial ace Bae 
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F. Rosenblatt to Baker & Company, 

Inc 

\ Pt- or Pd-compound containing the 
metal in the two valent state is hydro 
lyzed in aqueous solution in the presence 
of a carrier of water-insoluble dehy 
drated basic oxide of a non-precious 
element of groups III-VIII of the peri- 
odie system. An oxide of the precious 
metal catalyst is thereby precipitated on 
the surface of the dehydrated oxide car- 
rier and is thereafter reduced to active 
catalyst metal. These catalysts are use 
ful in oxidation, polymerization, synthe 
sis, hydrogenation, dehydrogenation 
processes, and the like 


U.S.P. 2,475,253. Preparation of Silica 
Gel. J. A. Pierce to Standard Oil De- 
velopment Company 
An acid silica hydrosol is formed by 

adding alkali metal silicate to an inor 

ganic acid. The sol is allowed to set to a 

firm hydrogel which is then allowed to 

stand until syneresis occurs, whereupon 
it is treated with an aqueous alkali tar 
trate solution for a time sufficient to 
substantially impregnate the silica gel 

The tartrate treated gel is washed, dried, 

ind activated. The resulting gel has im- 

proved hardness and gives improved 

cracking catalysts on association *with 


alumina or magnesia 





ALKYLATION 





U.S.P. 2,474,924. Alkylation Method. ‘ 
\ Vatson, C. C. Burton, and L. P 
Scoville to The Texas Company 
Details are claimed of a method for 

alkylating alkylatable hydrocarbons with 

an olefin or the like in the presence of 

a liquid catalyst. The method allows to 

reduce the overall contact time in the 

reaction and settling zones to less than 
hve minutes 





POLYMERIZATION AND 
CONVERSION 





U.S.P. 2,473,129. Method of Carrying out 
Exothermic Reactions. H. V. Atwell 
to The Texas Company 
In an exothermic conversion 

eg., in the hydrogenation of 
xides, the exothermic reaction is et- 

fected at a predetermined elevated tem- 
and a stream of solid granular, 
ma- 


process, 


carbon 


perature 
catalytically inert, adsorbent carrier 
terial is passed to the reaction zone. This 
material contains adsorbed fluid vaporiz- 
able under the conditions prevailing in 
this zone. A stream of reacted material, 
vaporized fluid and carrier from which 
fluid has been vaporized are separately 
removed from this zone 


U.S.P. 2,473,206. Process of Selectively 
Polymerizing Diolefins in an Unsatu- 
rated and Aromatic Gasoline Distillate 
M. C. K. Jones and R. C. Brandon to 
Standard Oil Development Company 
From an unsaturated and aromatic 

gasoline distillate from a high-tempera- 

ture cracking operation, an unsaturated 
hydrocarbon cut boiling below 140° F. is 
removed, and the liquid remainder is 
with catalytically active clay 


contacted 
250-350° F. and a 


at a temperatur t 
space velocity of 0.2-1 volume per volume 
of clay per hour. Stabilized motor fuel 
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The tubes with 
a past have a 
bright future too! 


CHASE 
ANTIMONIAL 
ADMIRALTY 


4 patente d alloy) 


Millions of pounds of Chase 
Antimonial Admiralty tubes 
installed and serving well since 
1935, testify that they'll give 
you years of service too. 
Admiralty with an antimonial 
content of less than .007% (the 





minimum set forth in Chase 
Patent No. 2,061,921) cannot be 
counted on to guard against 
dezincification under all 
conditions. Over a wide range of 
applications, the figure must be 
boosted to .015%. Chase goes 
still further—by using a nominal 
content of .035% to assure you 
that even with normal 
commercial variation your tubes 
contain at least .015%. You 
can get this extra protection 
only from Chase! 

Write for the facts today. 


ft 
BRASS & COPPER 


SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


THIS IS THE CHASE NETWORK handiest way to buy brass 


ALBANY! ATLANTA BALTIMORE BOSTON CHICAGO CINCINNATI CLEVELAND DALLAS DETROIT HOUSTON! INDIANAPOLIS KANSASCITY MO LOS ANGELES MILWAUKEE 


MINNEAPOLIS NEWARK NEW ORLEANS NEW YORK PHILADELPHIA PITTSBURGH PROVIDENCE ROCHESTER! ST.LOUIS SAN FRANCISCO SEATTLE WATERBURY Mice 
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Figure No 


VAREC” 


ACCURATE GAUGING 


SAFE STORAGE 
for Pressure Products 


410 


( 


2a5S- 


tight Gauging 
and Sampling 
Unit with port- 


and 


able head, 
Figure No 
“‘VAREC” 


ure Valve 


278 


Ch 


Figure 


REC 
Re 


ief 


You have no gauging problem even when oper- 
ating pressures prohibit the opening of your tanks 
to atmosphere—when you use a VAREC Gauging 
and Sampling Unit installed in combination with 
VAREC Closure Valve. Accurate hand gauges or 
samples may be taken without depressuring your 


tanks. 


Protection too, against excessive pressure from 
sudden temperature changes—a reliable “VA- 
REC” Pressure and Vacuum Relief Valve is made 


to meet your storage requirements. 


Write today for engineering data on “VAREC” 
pressure product storage equipment. 


No. 480 Serie 
Pressure and V 
Valve 1 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U.S.A. 
NEW YORK PITTSBURGH CHICAGO 


30 CHURCH ST. 999 GuiF BLD 122 MICHIGAN AVE 
TULSA HOUSTON 
409 TULOMA BLOG. 8214 mM 4m BLOG 


CABLE ADORESS VAREC COMPTON (Ali CODES) 
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freed of unstable diolefins and high 
diene number polymers are recovered 


U.S.P. 2,473,390. Butadiene Emulsion 
Polymerization Process, Including 
Mercaptan and Cyanide Modifiers. H 
J. Rose and M. K. Rowan to Standard 
Oil Development Company 
\ mixture of a major proportion of 

a conjugated diolefin with 4-6 C atoms 

and a minor proportion of a copolymeri 

zable ethylenically unsaturated monomer, 

e.g. acrylonitrile, is emulsion polymerized 

in the presence of an oxygen-liberating 

catalyst, 0.2-1 percent (by weight of the 
monomers) of an aliphatic mercaptain 
polymerization modifer with 6-16 ( 
atoms, and 0.005 percent of cyanide ion 
in the form of a water soluble salt of 

HCN. The production of rubber-like 

polymers i onsiderably accelerated and 

can be effect at lower temperatures 
by the addition of the cyanide 


U.S.P. 2,473,472. Manufacture of Cyclo- 
hexene. E. Gorin and A. G. Oblad to 
Socony-Vacuum Oil Company, Inc 
\ mixture of 2-pentene and 10-50 per 

cent l-pentene is pyrolized in the pres 
ence of 3-15 volumes of steam diluent 
per volume of pentenes at a temperature 
of 725-850° C. for a contact time of 
0.05-0.5 second. Decomposition of 40-90 
percent of the pentenes is effected and 
substantially equal molar quantities ot 
ethylene and 1,3-butadiene are produced 
hese products are then condensed witl 
each other to form cyclohexene 


U.S.P! 2,473,538. Liquid Styrene-Buta- 
diene Interpolymers. ©. R. McIntire 
to The Dow Chemical Company 
\ mixtur rene and butadiene 

\ representing 40 


\ catalyst, such 
xide, can be added 


U.S.P. 2,473,708. Polymerized Vinyl Aro- 

matic Materials. R. F. Hayes to Mon 
hemical Company 

xed with 0.01-5 percent 

lioctyl sulfosuccin 

d by heating for 

the methanol- 

luct to below 

Is tree 


m™m w I I Sta 


U.S.P. 2,474,007. Method and Apparatus 
for Contacting Fluids. R. L. Maycock 
to Shell Development Company 
Details of a method and an apparatus 

claimed for contacting a plurality 
whi torm a heterogeneous 
and of which, at least one, is 

One of the fluids is subdivided 

all particles and then dispersed 


n another of the fluid 


U.S.P. 2,474,014. Catalytic Conversion 
System. J. E. Seebold to Standard Oil 
Iny f Indiana 

l ‘ arb n ‘ nversion 
h allows t 
alyst bed of 
ptimun 

yut this 


om i 
i ine butylene 
U.S.P. 2,474,571. Low-temperature Poly- 
merization Process. P. W. Brakeley, 
Jr. and D. W. Young to Standard Oil 
Development Company 
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For men who work 
with heat or cold 


“Armstrong’s Insulator” is a bimonthly magazine pub- 
lished by the Armstrong Cork Company as a service 
to men who work with high, medium, and low tempera- 
tures. Much of the editorial material contained in the 
“Insulator” is developed from Armstrong's work in the 
solution of problems involving the use of insulations 
to control heat and cold 
The list at the right of this page will give you an idea 
of the variety of subjects discussed in recent issues. 
Some were comprehensive reports on an entire industry 
or a new method of using heat or cold. Others were 
engineering articles, outlining with facts and drawings 
the technical details of good insulation practice. 
If you would like to read any of these articles, we 
will be glad to send you the copies of “Armstrong’s 
Insulator” in which they appeared. Just 
write to Armstrong Cork Company, 7509 
Concord Street, Lancaster, Pennsylvania 














ARTICLES FROM RECENT ISSUES 
OF “ARMSTRONG'S INSULATOR” 


LOW TEMPERATURE 


Synthetic Fiber Manufacture 
Fur Farm Cold Rooms 

The Meat Industry 

Eyeglass Lens Production 
Seed Storage 

Tomato Ripening and Storage 
Railroad Car Freezer 
Freezers on Trawlers 
Manufacture of Insulin 
Hotel Chefs’ Kitchens 

One Story Bakery Design 


] 
‘om | LOW-TEMPERATURE EQUIPMENT 
ee 


Refrigerated Display Cases 
Automaton Selling 

The House Trailer Industry 
What’s Happening in Refrigerators 
Medical Storage Cabinets 

Dry Ice for Trailer Routes 

Ice Cream Trucks 


SZ 

Ce HEAT INSULATION 
Insulation of Steam Traced Lines 
Piping of Hot Viscous Fluic's 
Steel Mill By-Products 
Central Station Steam 
Cork as A Heat Insulation 
Should Hot Flanges Be Insulated 
Insulating Dual Purpose Lines 


<a 
eo INSULATING REFRACTORIES 


Designs for Home Pottery Kilns 
Enamelling Furnaces for Lustron 
Homes 

Soaking Pit Dampers 

Controlled Atmosphere Furnaces 


CONSTRUCTION AND 
pean MAINTENANCE 
Converting Coolers to Freezers 
Refrigeration Losses Through 
Freezer Doors 
Floor Drain Constructions 
Temporary Erection of Insulation 
Cold Room Tracking 
Right and Wrong Insulated Con- 
struction 
Ventilation under Freezers 


RMSTRONG’S INDUSTRIAL INSULATION 


Complete Contract Service 


For All Temperatures 
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" Fahrenheit 





SOLID 
STEEL 
ROTOR 


STEAM TURBIN 


Turbine shown above is 
one of 24 ordered to drive cen- 
trifugal pumps designed to deliver 
100 BHP at 3600 rpm with steam at 850* 
— 850 F. total temperature exhausting against 
42* gouge bock pressure 


@ SIMPLE DESIGN FOR ACCESSIBILITY 


Inlet and exhaust connections are located in lower half of casing 
which is horizontally split to allow easy access to all internal parts. 
Rotating unit including bearings and governor head may be re- 
moved without disturbing alignment of the unit. 


@ RUGGED CONSTRUCTION FOR RELIABILITY 


Whiton rotors are made from a solid steel forging with semi- 
circular buckets milled in the rim to give strength where it is 
needed. End thrust is minimized because the path of the steam 
is always at right angles to the shaft. 


@ SAFETY DEVICES FOR TROUBLE-FREE OPERATION 


Standard equipment includes Constant Speed Governor with 
V-Ported Governor Valve . . . Emergency Governor with 
Independent Valve ... Steel Plate Steam Strainer . . . Two oil 
rings per bearing supplemented by water cooling .. . Sentinel 
Type Casing Relief Valve . . . Additional accessories available 


as required 


THOUSANDS OF SATISFACTORY INSTALLATIONS SINCE 1911 


Write for complete information 


WHITON MACHINE COMPANY 
NEW LONDON CONN U.S.A 
alse makers of Fine Lathe Chucks * Geor Cutting Machines * 


Production Milling Machines * Centering Machines 
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Isobutylene alone or mixed with other 
olefins is cooled to —35° to —103° ( 
A Friedel-Crafts polymerization catalyst 
is then added. During the peak of the 
polymerization and within 5-18 seconds 
of the initiation of reaction the catalyst 
activity is destroyed by the addition of 
a suitable agent 


U.S.P. 2,474,592. Polymerization of Iso- 
butylene with a Diolefin. F. A. Palmer 
to Standard Oil Development Com 
pany 
Liquefied isobutylene and a liquefied 

diolefin are agitated together, for copoly 

merization, by mechanical means car 
ried on a rotating shaft while a stream 
of refrigerated liquid diluent is flowed 
into this reaction zone longitudinally 
along the immersing portion of the shaft 

The deposition on the shaft of the rub- 

bery product formed is prevented by 

the diluent stream 


U.S.P. 2,474,613. Copolymers of Vinyl 
Isocoumarans with Styrenes and Proc 
ess for Obtaining Same. A. L. Barney 
to E. lL. duPont de Nemours & Com 
pany 
\ vinyl isocoumaran of special con 

stitution is copolymerized with styrene 

a substituted styrene at increased 


temperature nd at least atr spheric 


pressure in the presence of a catalyst 


U.S.P. 2,474,614. Copolymers of Vinyl 
Isocoumarans with 1,3-Dienes and 
Process for Obtaining Same. A. | 
Barney to E. I. duPont de Nemours 
& Company 
An 1,3-diene is employed here instead 
f the styrene compound in 

according to U.S.P. 2,474,613 


the process 


U.S.P. 2,474,670. Production of Propy- 
lene Polymers. A. B. Hersberger and 
R. G. Heiligman to the Atlantic Re 
hning Company 
\ solution of propylene in a cyclo 
paraffin is cooled to —20° to —100° C 

and then contacted with a solution of 

1-4 percent AICI, in an alkylhalide with 

1-3 C atoms. The cycloparaffin shall be 

liquid at the polymerization temperature, 

and the amount of the AICI, solutior 
shall be about 10 percent by volume ot 
the propylene. The resulting prop 


polyme ris separated 


U.S.P. 2,474,671. Polymerization of Ole- 
finic Hydrocarbons with Friedel-Crafts 
Catalysts. A. B. Hersberger to the At 
lantic Refining Company 
Olefinic hydrocarbons with at 
C atoms are intimately mixed 


finely divided state with a Friedel 
catalyst and n imert solver 
portior } 

' 


melted 


t 


suing poly 
balanced by i 
mixture rt is achieved by 


the amount of inert solvent empk 


U.S.P. 2,474,881. Production of Viscous 
Oil by Copolymerization of Aromatic 
Olefin with Monoolefin. D. W. Your 
and W. H. Smyers to Standard © 
Development Company 


A mixture ot 60-90 per 
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Duplex Tubing for Oil Refinery Applications 


Selection of a metal or alloy to withstand corrosive attack by 
a specific medium is generally possible, but the problem be- 
comes more complex when two or more corrosive substances 
are involved. 

Resisting H2S Attack. Aluminum will resist hydrogen sulphide 
in petroleum liquids and is often recommended for heat ex- 
changer tubes to withstand this gas as well as other sulphur 
compounds found in streams of hydrocarbon gases encoun- 
tered in oil refining. However, Arsenical Muntz metal and 
Admiralty Brass tubes, despite the fact that hydrogen sul- 
phide attacks them to some extent, will serve better in 
hydrocarbon streams where sodium hydroxide and similar 
bases have been introduced to neutralize various acids in the 
petroleum, as aluminum is attacked quite rapidly by sodium 
hydroxide. In other words, the attack of H,S on the copper- 
base materials—Admiralty and Arsenical Muntz—is less than 
the attack of the hydroxides on aluminum. 


&: 
Condenser and Heat Exchanger Tubing Plays a Vital Part in Oil Refining 
and Chemical Processing. Shown are Distillation and Heat Exchanger Equip- 
ment, Oil Pump and Absorber. Duplex Tubing Combats Double Corrosion. 


BRIDGEPORT BRASS 


BRIDGEPORT BRASS COMPANY, 


BRIDGEPORT 2, 


Duplex Tubing for H2S. While the petroleum condensate and 
gases may not be corrosive to aluminum, the tubing is often 
affected by the circulating water. Some fresh cooling waters 
as well as sea water contain chlorides (NaCl, MgCl, etc.) 
which are quite corrosive to aluminum. Under such condi- 
tions, Duplex Tubing with aluminum to the petroleum side 
and Admiralty, Aluminum Brass, Red Brass, and Copper 
to the water-side should be tried out. In this way the best 
characteristics of both materials are utilized. 


Ammonium hydroxide is also used for neutralizing acidic 
substances in streams of hydrocarbon gases. Such treatment 
is generally beneficial to Admiralty. Under certain conditions, 
however, it has been found advantageous to use Duplex Tub- 
ing—steel to the ammonia-laden gas side and Red Brass to 
the fresh water-side especially where the concentration of 
ammonia in the gases is relatively high and the concentra- 
tion of sulphur is relatively low. 


Duplex Tubing for Mercury. On rare occasions mercury may 
be introduced into the stream of hydrocarbon gases either 
from the crude or due to contamination from equipment 
containing mercury. Liquid mercury, deposited on the cool 
surface of the tubing, is likely to cause trouble by inter- 
granular penetration of stressed brass tubing. When the source 
of mercury is from the crude, Duplex tubing with steel to the 
mercury-laden gas side and a copper-base alloy to the water- 
side appears to be a likely solution. This is based on the wide 
and successful use of steel in contact with liquid mercury. 


Because aluminum is commonly used for cooking utensils, 
it is often specified for handling food products. We have in 
mind a heat exchanger unit using Duplex Tubing—Aluminum 
and Admiralty—for handling coffee concentrate. Unfor- 
tunately, this was strongly alkaline in nature and quickly 
attacked the aluminum and had to be discarded. That alkalis 
attack aluminum is not unknown and emphasizes the im- 
portance of making a thorough study of the corrosion prob- 
lem at hand before specifying any particular metal or alloy. 


Duplex tubing is made in many combinations such as steel, 
stainless, nickel, lead, aluminum with Admiralty, Aluminum 
Brass, Duronze (Aluminum Bronze), Cupro Nickel and 
Muntz metal. 


CONN. ° ESTABLISHED 1865 


Mills of Bridgeport. Connecticut, and Indianapolis, Indiana * In Canada: Noranda Copper and Brass Limited, Montreal 


September, 1949—A Gulf Publishing Company Publication 





Petroleum Refiner—V ol. 28, No. 9 








Patents 





g. styrene) is treated with a Friedel 
Crafts catalyst (e.g. BFs) at 0-20° C 
The reaction mixture is permitted to be 
heated by the exothermic reaction to 
80-180° C., and the reaction is then 
stopped by inactivating the catalyst 
Clear, synthetic hydrocarbon 
oils with a viscosity of 30-2000 seconds 
Saybolt at 210° F. are obtained 


colorless 


U.S.P. 2,474,868. Hydrocarbon Conver- 


sion with Steam-Treated Kaolin. H 

A. Shabaker to Houdry Process Cor 

poration 

Hydrocarbons of higher b.p. are con- 
verted into products of gasoline boiling 
range by cracking the charge stock in 
the presence of a kaolin clay catalyst 
pretreated with steam 
of 1250-1650° F. for at least two hours 


U.S.P. 2,475,016. Emulsion Polymeriza- 
tion of Vinylidene Compounds. W. L 
J de Nie to Shell Development Com- 
pany 
Vinylidene compounds are 
polymerized by continuously feeding an 
thereot through a 
series of reaction zones up to twenty 
in number under polymerization condi- 
tions. Additional vinylidene compound ts 
continuously fed into at least 
zones following the 
example, useful in the 
butadinene-1,3 and 


emulsion 


aqueous emulsion 


reaction 
method is, for 
copolymerization of 
styrene, a butadiene-1,3 emulsion being 
charged at first, and a mixture of the 
two mpounds being addition 


ally fed to following 


rReanic ¢ 


zones 


U.S.P. 2,475,093. Process for Multi-stage 
 & 


Conversion of Hydrocarbons. R 
Eastman Cor- 


Tennessee 


Hasche to 


tion 
ils of a multi-stage process are 


nversion of a hydro 


porat 
Det 

claimed for the « 

carbon containing gas to acetylene 


U.S.P. 2,475,520. Ethylene Polymeriza- 


tion with Grignard Type Compounds. | 


M J Roedel to E I. duPont de 

Nemours & Company 

Orientable ethylene polymers are pre- 
pared by polymerizing ethylene 
temperature of 100-400° C. and a pres 
sure of 400-1500 atm. in the presence of 
an anyhdrous inert solvent medium, such 
as benzene, and 0.005-5 percent of a 
catalyst comprising an organic 
and magnesium or zinc forming an or 
gano-metallic complex of the formula 
RMX, wherein R is alkyl, aralkyl, or 
aryl, M is magnesium or zinc and X 
is a halogen. Polymers of very 
tensile strength are obtained 





HYDROGENATION, 
DEHYDROGENATION, 
AROMATIZATION 





U.S.P. 2,474,213. Method of Increasing 
the Aromaticity of Hydrocarbon Oil. 
J. F. Black to Standard Oil Develop- 
ment Company 
An acyclic hydrocarbon is contacted 

for aromatization at elevated tempera- 

tures in the presence of hydrogen with 

a low density catalyst consisting of a 

group VI metal oxide carried on a zinc 

spinel base. The spinel is prepared by 
precipitation from mixed aqueous solu- 
tions of a zinc salt and an aluminum 
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Measure your gauge glasses by 
their service life, and you will 


always specify Corning... 


PYREX RED LINE + PYREX HIGH PRESSURE « PYREX HEAVY WALL 
CORNING STANDARD » MACBETH « PYREX Sight Glasses 
PYREX Oil Cup Glasses « PYREX Lubricator Glasses 


There is no such thing as “unbreak- 
able glass”. But Corning research 
sees to it that you obtain the very 
best quality of mill supply glass- 
ware obtainable anywhere. That is 
why thrifty buyers specify Corning, 
Pyrex and Macbeth brands of 
gauge glasses and other mill sup- 
ply glassware. It can be depended 
upon for long service life under 
extreme service conditions. 

For example, the glass from which 
Pyrex brand gauge glasses are 


made is highly resistant to chemi- 
cal attack besides withstanding se- 
vere physical and thermal shock. 
No other gauge glasses, imported 
or otherwise, withstand these tests. 
Yet, Pyrex gauge glasses cost no 
more than the ordinary ...give you 
many more years of service life. So 
always specify Corning products, 
and you will always be money 
ahead. Available from leading 
distributors everywhere. 


CORNING GLASS WORKS - CORNING, N. Y. 


Sales Offices 


NEW YORK, CHICAGO, SAN FRANCISCO 


INDUSTRIAL SUPPLY GLASSWARE 


CORNING GLASS WORKS, DEPT. 03-79 PR * CORNING, N. Y. 


Sold Through 
leading 
Industrial 
Sunnie Name 
Distributors Company 
Address 


City 


A Gulf Publishing Company Publication 


We are interested in buying 
Where is nearest Corning Distributor ? 
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Only a glance is necessary to read the WESTON wide open, 
bold-faced dial . . . accurately. This readability, combined with 
rugged, all-metal construction, assures long-time dependabil- 
ity. There’s a WESTON thermometer for most industrial ap- 
plications ... in a wide variety of types, stem lengths and scale 
ranges. Call your jobber, your local WESTON representative, 
or write for Thermometer Catalog . . . WESTON Electrical 
Instrument Corporation, 637 Frelinghuysen Ave., Newark 5, 
New Jersey. 


CONTACT MAKING models for alarm or control purposes. 
MAX-MIN models to indicate highest 
or lowest temperature reached. 
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salt maintained at temperatures of 150 
200° F. The aromaticity of a petroleum 
naphthene, can, for example, be in 
creased by this method 


U.S.P. 2,473,997. Partial Reduction of 
Polycyclic Aromatic Hydrocarbons. \ 
L. Hansley to I I. duPont de 
Nemours & Company 
For the production of 1,4-dihydré 

naphthalene, naphthalene is reacted witl 

an alkali metal and a tert. aliphatic al 


cohol at a temperature not exceeding 


110° ¢ At least 2 atoms of the metal 
are employed per mol of naphthalene 


and, at least, 1 mol of the alcohol per 


atom of the metal 


U.S.P. 2,474,845. Process for Synthesiz- 
ing Hydrocarbons. F. J. Jenny and 
I W Riblett to Hydrocarbon Re 
search Company 
CO and Hs; are continuously intro 

duced under synthesis conditions to the 

lower portion of a vertical reaction zone 
containing fluidized dense phase synthe 
sis catalyst. Vaporizable liquid is in- 

jected into the reaction mixture at a 

plurality of succeeding points of the 

catalyst column. The amount of this 
liquid is regulated so as to compensate 
for the contraction effected in the CO 
hydrogenation. Normally liquid hydr 
carbons formed in the CO-H, react.or 
can be employed as the vaporizable 
liquid to be added 


U.S.P. 2,475,214. Hydrocarbon Synthesis. 
*. T. Barr to Standard Oil Develop- 
ment Company 
\ gaseous mixture of CO, Hs;, and 

steam is tormed at temperatures over 

1000° F. by reacting a methane contain- 
ing gas with a gasiform material con 
taining steam. Water is added to the 
mixture in an amount sufficient to cool 
it to temperatures of 400-600° F. and 
form steam. The total steam concen- 
tration finally present in the muxture 
shall amount to 25-100 percent by volume 
of the CO +H, present. This mixture 
is flowed through a body of powdered 
cobalt catalyst at a predetermined veloc 
ity to form a turbulent suspension of 
certain density of catalyst in gasiform 
material, and to remain in contact with 
the catalyst for a period sufficient to 
produce normally liquid hydrocarbons 





HEAVY OILS AND WAXES 





U.S.P. 2,472,342. Hydrocarbon Oil Com- 
positions. D. W. Young and P. W 
Brakeley, Jr. to Standard Oil Develop- 
ment Company 
In a waxy mineral oil base stock about 

0.1-10 percent by weight of a resinous 

product is dissolved which has the gen- 

eral formula [RsAr(OH) « C;H.—]. 

wherein Ry represents 1-4 alkyl groups 

with a total of 3-30 C atoms, Ar is an 
aromatic nucleus, and n indicates the 
degree of polymerization. This resinous 
product has an average molecular weight 
of 800-2000 and a Ubbelohde drop point 

of 100-180° C. The additive works as a 

wax modifier or pour depressor 


U.S.P. 2,472,411. Method of Reclaiming 
the Hydrocarbon Content of Used 
Hydrocarbon Lubricants. F. C. Bers 
worth 
Used hydrocarbon lubricants and 
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greases are agitated while in liquid phase 
with an aqueous solution containing 
ethylene diamine tetra-acetic acid and an 
alkali metal hydroxide in certain propor- 
tions. The hydrocarbons are then sepa- 
rated from the aqueous solution and re- 
covered 
U.S.P. 2,473,370. Pour Point Depressant 
for Oil Compositions. R. J. Hawes, 
W. F. Behrman, and C. A. Campbell 
to Tide Water Associated Oil Com 
pany 
\ mineral oil with an undesirably high 
and unstable pour point is blended with 
4 minor amount of a viscous residuum 
»btained by cracking color-imparting 
carbonaceous bodies displaceable by 
steam from a solid subdivided adsorbent 
by which they had been adsorbed from 
a fraction of fractionally distilled petro- 
leum crude. The additive depresses and 
stabilizes the pour point of the oil 


U.S.P. 2,473,510. Stabilization of Or- 
ganic Substances. G. H. Denison, Jr 
and P. C. Condit to California Re- 
search Corporation 
\ mineral lubricating oil is com- 

pounded with a small amount of a mono- 

selenide with not more than 14 G atoms 
and having in the molecule structure 


C—Se—C—wherein both C atoms are 


aliphatic. The additive inhibits oxidation 
of the oil. Examples are diamyl and 
dihexyl seleno ether 


U.S.P. 2,473,511. Mineral Oil Composi- 
tions and the Like. G. H. Denison and 
P. C. Condit to California Research 
Company 
4 lubricating petroleum oil contains 

0.1-2 percent by weight of diparaffin-, 

dicetyl-, or dilauryl-monotelluride 


U.S.P. 2,474,604. Rust-Preventing Com- 
pounds. J. I. Wasson and J. C. Zim- 
mer to Standard Oil Development 
Company 
A mineral oil containing 0.01-0.1 per- 

cent by weight of a high alkyl thioether 

*f a C.-C, saturated fatty acid (e.g., 

alpha-cetyl thioether of acetic acid) and 

0.01-5 percent of a Ce-Cu fatty acid ester 
f a high polyhydric alcohol (e.g., poly- 

ethylene glycol hexaricinoleate) prevents 

rust formation 


U.S.P. 2,475,246. Lubricants. L. A. Mi- 
keska to Standard Oil Development 
Company 
Mineral lubricating oil is blended with 

0.1-10 percent by weight of an oil-soluble 

polymer of a monomer having the for- 

mula CHsCXCOSR wherein X is hydro- 
gen or a lower alkyl group and R is an 
alkyl group with at least 5 C atoms 

The polymer shall have a molecular 

weight of 1,000-50,000. Tert. octyl thio- 

acrylate is an example of the monomer 

The viscosity index of the lubricant is 

improved by the additive 


U.S.P. 2,475,358. Hydrocarbon Conver- 
sion. R. J. Moore and B. S. Greens- 
felder to Shell Development Company 
Paraffin wax is dissolved in at least 

an amount of cycloparaffin equal to 50- 

1000 percent by weight of the wax, e.g 

100 percent of decahydronaphthalene 

The solution is contacted with a pre- 

formed hydrocarbon-aluminum chloride 


Positive Blower, 
Type RCD, built 
in 8” to 22” gear 
diameters. 


With a wide choice of Centrifugal and Rotary Positive Blowers avail- 
able, you can usually select standard R-C units to meet your specific 
applications. Capacities range from 10 CFM to 50,000 CFM or higher 
for special requirements. Roots-Connersville is the only blower manu- 
facturer offering you this dual choice. 

We're impartial as to drives, too. We supply them or you can utilize 
drives already available. Direct motor, speed changer or V-belt, steam 
turbine, gas engine or other modern types provide high-efficiency 
operation for R-C units. That’s another phase of R-C dual-ability. 

With R-C equipment on the job, you'll enjoy long-time, trouble-free 
performance. That’s because of sound design and sturdy construction, 
based on 95 years of building gas and air handling equipment, exclu- 
sively, For any such problem, consult R-C dual-ability. 


ROOTS-CONNERSVILLE BLOWER CORPORATION 


909 Poplar Avenue, Connersville, Indiana 


RooTs-(ONNERSVILLE 


BLOWERS » EXHAUSTERS - BOOSTERS - LIQUID AND VACUUM PUMPS - METERS - INERT GAS GENERATORS 


ONE OF THE DRESSER INDUSTRIES 
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THREADING I" to 2” PIPE 


FRIGEAID No. 65R 
is semi-automatic, sets to 
pipe size in just 10 seconds 


@ The RIGAID 65R is so handy and efficient that it’s actually 
a pleasure to use. In just 10 seconds you're ready to cut perfect 
threads on 1,” 114,” 1/2” or 2” pipe. Workholder sets instantly— 
only one screw to tighten, no bushings. With the self-contained 
Rit@aib> 65R you don’t have to bother with extra dies—one 
set of high-speed steel chaser dies gives you accurate threads 
on any kind of pipe or conduit, always —easily. Every 65R is 


factory-tested. Buy from your Supply House. 


THE RIDGE TOOL CO. * ELYRIA, OHIO 
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complex at a temperature of 20-150° C 
while vigorously stirring. The paraffin 
wax is thereby converted to products 
consisting of paraffin wax and normally 
liquid hydrocarbons which are tsomeri 
¢ 


the paraffin was charged 


U.S.P. 2,475,409-10. Lubricants. H. G 
Smith, T. L. Cantrell, and J. G. Peters 
to Gulf Oil Corporati 
Mineral lubricating oil is blended with 
small amount of a product obtained 

reacting under special conditions a 
xture of an unsaturated fatty acid 
and an aliphatic alcohol, both containing 
at least 8 C atoms, each, with maleic 
acid or anhydride and an olefin oxide or 

a glycol with less than 8 C atoms and 

neutralizing t reaction pr duct with 

a higher aliphatic primary amine 
rding to U.S.P . l 


nsaturated fatty 





PETROCHEMICALS 





oF". 2,473,161. Propane Chlorination. 
McBee and L. W. Devaney to 
Par a Research Foundation 
Details are claimed of a process for 
the chlorination of propane in the pres 
ence of iiquid polychloropropanes 


U.S.P. 2,473,162. Liquid Phase Chlori- 
nation. | lr. McBee and L. W 
Devaney to Purdue Research Founda- 
tion 
lhe process according to U.S.P. 2,473,- 

161 is generalized for the chlorination 

of aliphatic and alicyclic hydrocarbons 

with 3-8 C atoms in the presence of the 
corresponding polychlorohydrocarbons 


U.S.P. 2,473,224. Process of Making Al- 
cohol. H. G. Schneider and \ F 
Mistretta t Standard Oil Develes- 
ment ¢ I 
Details ot 3 re ar laimed for 
ducing aliphatic n 


and satur: 
strong mineral 


U.S.P. 2,473,911. Production of Fluoro- 
carbons. N. F. Sarsfield to Imperial 
I ries, Ltd 
recover;re 
least or 
nd compl 
f, as obtained in 
hydrocarbons, by ex- 
ocarbon in the cold 
atic alcohol or ketone 
ubmitting the remain- 
ixture fractionatior 
U.S.P. 2,473,996. Polymers from Ethy- 
lene and Branched Chain Vinyl Esters 
W. E. Hanford, J. R. Roland, and 
W. E. Mochel to I I. duPont de 
Nemours & ( mpany 
A « wolymer is formed from ethylene 
l a carboxylic acid 
s of special constitu 
vinyl trimethyl acetate 
| acetate, or vinyl benzoate 
U.S.P. 2,474,001. Oxidation of Organic 
Compounds. I. FE. Levine to California 
Resear rporation 
d omatic hydrocarbon, 
‘ *, toluene, xylene, or naph- 
thalene, is partially oxidized with an 
excess of an oxygen-containing gas in 
he presence of a catalyst comprising 


Petroleum Re finer 








Patents 





nadium metal with an indigenous coat- 
ing of a vanadium oxide. 


U.S.P. 2,474,002. Process for Producing 
Dicarboxylic + Anhydrides. I. F 
Levine and Claussen to Calli- 
fornia Research an ration 
Phthalic anhydride is produced from 

an aromatized mixture of petroleum hy- 
drocarbons of special combination by 
partial oxidation in the presence of a 
vanadinm xide catalyst. Details of the 
process are claimed. An improved hy- 
drocarbon biending agent for aviation 
gasoline can be obtained at the same 
time by fractionation of said aromatized 
hydrocarbon mixture 


U.S.P. 2,474,067. Production of Carbon 
Bisulfide and Hydrogen Sulfide. L 


Preisman to Barmum Reduction Cor- 


amounts of individual slugs 

ulfi ir of a predetermined size 

intermi ttently introduced at pre- 
ermined intervals into a vaporizing 
hamber. A hydrocarbon gas in an 
unt excess of the molecular equiv- 
sulfur is admitted, while the 

ature in the chamber is main 
above the b.p. of sulfur. The mix- 


sulfur vors and hydrocarbon 
nen passed throvgi « heated Z@allea chosen for Petoskey 


wrmation of CS, and 


U.S.P. 2,474,334. Producing Maleic Acid . , 
by Oxidation of Cyclohexane. A. J W/ HEN plant equipment was considered for the new 
Shmidl to Standard Oil Development municipal Diesel power station at Petoskey, Michigan, 


Company a _ . . 
3 . “ne 2 wepocens stream. of epcie Zaliea Stainless Steel Expansion Joints were chosen for assur- 


hexane is passed over a bed of V2Os ance of dependable, trouble-free service on the Diesel intake 


heated to about 800° F. to activate the and exhaust lines. 
bed. After reducing the temperature of 


the activated bed to about 600° F., a Shown here, are four of six 14"’ and 16” Zallea Stainless Steel 


mixture of cyclohexane and an oxygen- 


containing gas is passed over it. The out- Expansion Joints, used to absorb expansion in the line between 
put of maleic acid is improved by the the supercharger nozzle and the silencers as well as the expan- 
preactivation of the bed sion of the air intake lines. These particular Zallea Joints 
U.S.P. 2,474,568-9. Dilution and Hydro- require a very low load to compress, affording adequate 
7 = “rf yg he py A protection for the fragile supercharger unit itself. Dependability 
ve i¢ ! ‘ c , anc . . 4 
il Development Company and trouble-free performance are built into every Zallea Joint. 
ition of diethyl sulfate in strong They /ast, even under the most severe conditions. 
obtained by the absorption of 7 
90-100 percent concentrated Remember, there’s no packing to deteriorate . . . no mainte- 
ed with water to 40-50 . . " " P 
eniiivattine “Wie dietines nance required. There’s a Zallea Expansion Joint for almost 
hydrolyzed in two sep every requirement. Available in diameters from 3” to 72”... 
ifferent conditions to for temperatures from sub-zero to 1600° F .. . for pressures 
US.P. 2.474.588. Alcohol P from vacuum to 300 psi in standard designs and up to 1000 psi 
( : . oe i “ . 
Mascell cak @ cohol Process. C oe in special designs. Write NOW for your free copy of Catalog 47. 
Oil Development Company ZALLEA BROTHERS, 890 Locust Street, Wilmington 99, 
Ar hylene containing hydrocarbon Delaware. 
mixture is contacted with 95-100 percent 
H.SO, at 60-100° C. and a pressure of 
300-500 psi An acid extract containing 
vlene per mol H:SO, is 
t mtacted with 
ocarbon mix 


" 


ak 


U.S.P. 2,474,807. ietabiiiees “ eT : ANSION JOINTS 
tic Rubber. D : Schoene U 
Rubber Compan 
\ major propor n of butadiene-1,3 

and a minor proportion of a compound WORLD'S LARGEST MANUFACTURERS OF EXPANSION JOINTS EXCLUSIVELY a 


which contains a single CH; C< group —_— a 


——— 
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emuls 
i Ol 


ence 


eneral 


where A 
phenvlene nd r ivdrogen, me 
hyl Nrink. ! ' rubber pt 


luced is prevented b e additive 


r et 


U.S.P. 2,474,901-3. Isobutylene- Nitrosyl 
Chloride Addition. A. J. M 
Allied Chemical & Dye 
Isobutylene ted 

hloride or | 


activates 


activated 


vith the 
s btained 


U.S.P. 2,475,095. Toluene Nitration Proc- 
ess. T. J. J. Hoek to De Directie var 
le Staatsmijnen in Limburg (Nether 
ands) 
rrinitrote 
ng toluene in continuous concurrent 
flow with a mixture of HNO, and SO 
na plurality of divisions. The products 
btained in division are separat 
and further nitrated in a subsequent 
vision of stronger acid mixture. Fr 

id mixture is used in the last divis 

le the acid mixture in each pre 
n compr spent acid mixture 


from a highes 


U.S.P. 2,475,156, Re anewe pet 
me. D. T. M Monsat 
emical ympany 
Thin, { to 09.9 
65-0.1 perc 


luene is obtained by contact 


each 


ses 


division 


mixed 


ide and heated to 40-125° C. in the pres- 
of a peroxy compound until a solid 
is obtained 


ence 


resin 


U.S.P. 2,475,161. Copoylmers of Styrene 
and Benzalphthalimides. H. H. Szmant 
to Monsanto Chemical Company 
\ mixture of 50-98 percent styrene and 

percent of a compound of the struc- 


, methyl, pheny! 

; nethyl phenyl, is 

a solid copolymer is ob 

I resulting copolymers have 

softening temperatures and high 
mints 


distortion pe 


U.S.P. 2,475,282. Process of Producing 
Acetylene Black. R. L. Hasche to 
astman Corporation 
hydrocarbon gas is 
furnace for sufficient 
a mixed gas containing 
acetylene 
treated in a 
acetylene 


ennessee I 

\ methane-rich 
1s iated in a 
time to produce 
i substantial proportion 
his mixed gas is further 
particular produce 


black 


manner to 


Torrance Control Engineer 

; omoted to 
maintenance control engineer at the Tor- 
rance, Calif. refinery of General Petro 
leum Corporation. Gates joined the com- 


Gates has been pr 





Nicholson Steam Traps 


Due to Operation on Lowest 
Temperature Differential 


Type 8 e 


on lowest temperature differential: 5 


monel, 


LETIN 348 





Repeated comparative tests by large trap users show that Nicholson traps operate 
to 15°, 
pressure. Production of cooking kettles, for example, has been increased as much 
as 30% because fast action of Nicholson traps keeps equipment full of live steam. 


HIGH -PRES 
SURE FLOATS 
— Stainless, 
steel 
é plated stee! 

Welded. In all 

sizes and shapes; for operating mechanisms 
and as tanks or vessels. 2-day delivery, BUL 


‘Se W. H. NICHOLSON & CO., 207 Oregon St., Wilkes-Barre, Pa. 


af 


depending on trap size and steam 


They are specified for all ap- 
paratus where back-up of con- 
densate causes corrosion or 
damage to thin gauges. 5 types 


we 


or for every application; size ‘4 


to 2”; pressure to 225 Ibs 


BULLETIN 1047 or 
Refinery Catalog 








after four years service as 
army’s chemical warfare 
received his degree mm 


Ww ayne Uni 


pany in 1946 

captain in the 
service. Gates 
chemical engineering from 


versity in 1942 


Speakers for Humble Series 
At Baytown Are Announced 


selected by 
ompany to 


Five scientists have been 
Humble Oil & Refining 
conduct the fourth annual “Lect 
Science” series at the Baytown refinery 
as follows: Dr. Saul Winstein, U.C.L.A.; 
Dr. A. D. Walsh, University of Leeds 
England; Dr. O. A. Hougen, University 
f Wisconsin; Dr. Hugh S. Taylor 
Princeton; and Dr. R. L. Pigford, Uni- 
Delaware 
rhe company’s lectures in science are 
of two and three-week 
both to honor outstanding 
and to bring up-to-date techni 
company’s re 
new 


ures in 


versity ot 


a series urses 


designed 
scientists 
cal information to the 
search and technical personnel. The 
opened in July with 
hanism of organic 


Winstein 


Company Instrument Course 
Registration Held Open 
Fischer & Porter 
nounced a number of vacancies for its 
next instrumentation course to be held 
at the Hatboro, Pa. plant, October 10-14, 
1949. The course will cover manufacture 
calibration, installation, operation and 
maintenance of the company’s complete 
line of “Flowrator” primary and second- 
ary process control instruments. Some 
time is also devoted to the basic princi- 
ples of variable-area flow measurement 
It is designed for engineers responsible 
tor process control instrumentation and 
installation, 


4a course on 
reactions by 


Company has an 


for instrument specifications, 
operation and maintenance 

Further details can be obtained by 
writing to Fischer & Porter Company, 
East County Line Road, Hatboro, Pa 


Chemical Engineers Meeting 
Scheduled for Pittsburgh 


The 1949 
the American 
gineers will be 
December 4-7 
William Penn 
technical papers has been arranged 
several technical symposia on sub- 
Th cal en- 
symposia 


annual national meeting of 
Institute of Chemical En- 
held in Pittsburgh, Pa., 
with headquarters at the 
Hotel. A program of 
along 
with 
jects 
gineers and technical men. The 
vill include panel discussions on the 
present status of professional legi isl ation, 
corporation traimimng of young engineers, 
atomic energy, 


ot special interest to che 


industrial waste disposal, 
and vapor liquid equilibria. The first In- 
stitute (AIChE) lecture will be given 


by Professor W. H. McAdams on the 


general subject of heat transmission 


Life Assurance Director 
William Kepler Whiteford has been 


elected a director of the Canada Life 
Assurance Company, Toronto. He is 
also a director of The Bank of Nova 
Scotia, Toronto; General Bakeries , td., 
Toronto, Renown Mills, Limited, al- 
gary, Can.; The British American Gi 
Company, Limited; president of The 

British American Oil Company, Ltd., 
Toronto and The British American Oil 
Producing Company with headquarters 
in Tulsa. Whiteford was graduated from 
Stanford University with a degree in 
mechanical engineering. He is a native 


of Los Angeles 
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HORTON 


VAPORDOME 
ROOF 


stops standing 
storage tanks 
from breathing 


Ricnt: 60-ft. diam, by 40-ft. tank 
equipped with a 38-ft. diam. Vapor- 
dome Roof at the Continental Oil 
Company's marketing terminal at 
Galena Park, Texas. The vapor line 
connecting the Vapordome Roof to the 
vapor spaces of four 10,000-bbl. tanks 
s shown at the right. 














Atiente 3 
Birmingham | 
Boston 10 1030—201 Devonshire Street 
Chicago 4 
Cleveland 15 


Patent Applied for 


This cut-away diagram shows you how a 
Vapordome Roof operates. A flexible mem- 
brane is attached by its outer edge to the 
equator of the Vapordome. When the air- 
vapor mixture inside the tank expands, this 
membrane moves upward to provide the 
additional capacity required without allow- 
ing vapor to escape from the tank. When 
decreasing temperature causes the vapor to 
contract, the membrane moves back down 
slowly. 


You can prevent evaporation losses from several standing 
storage tanks by installing a Horton Vapordome Roof on one 
of them and interconnecting the vapor spaces of all the tanks 
in the group. Vapor displaced from the cone-roof tanks by 
breathing or unbalanced filling flows into the Vapordome roof 
and is temporarily stored there. When the temperature drops or 
liquid is withdrawn from the tanks, the vapor in the Vapor- 
dome flows back into them. 

Here are some other benefits: you get with the Vapordome 
Roof (1) Needs no ground space—easily installed on either 
new or existing tanks; (2) Can be used to serve a single tank 
or operate as the central unit of a vapor-saving system serving 
several tanks; and (3) Tanks can be added to or taken out 
of the vapor-saving system without taking either the Vapor- 
dome or interconnected tanks out of service. 

The Vapordome Roof will pay for itself in a short time by 
keeping tanks storing crude oil, gasoline and other hydro- 
carbons from breathing. Get complete engineering data on 
Vapordome Roofs and vapor-saving systems by writing our 
nearest office. 


CHICAGO BRIDGE & IRON COMPANY 


Plants in BIRMINGHAM, CHICAGO, SALT LAKE CITY and GREENVILLE, PENNSYLVANIA 


2146 Healey Building 
1548 North Fiftieth Street 


2463 McCormick Building 
2234 Guildhall Building 


Detroit 26 
Havana 
Houston 2 

Los Angeles 14 
New York 6 


1520 Lafayette Building 
Abreu Building 


402 
2126 National Standard ing San Francisco 1! 1251—22 Battery Street Building 
534 General Petroleum Building Seattle 1 1 
3302—165 Broadway Building Tulsa 3 


REPRESENTATIVES AND LICENSEES 


Ateliers et Chontiers de la Seine Maritime, Paris, France 
Compagnia Tecnica Industrie Petroli, $.A.!., Rome, Italy 


Constructions Metalliques de Provence, Aries-sur-Rhone, France 


Horton Stee! Works, Limited, Fort Erie, Ontario, Canade 
Motherwell Bridge & Engineering Company, Limited, Motherwell, Scotland 
, Limited, Darlington, England 


Whessoe 
Chicago Bridge & Iron Company, Ltd., Apartado 1348 Caracas, Venezuela 


Philadelphia 3 1608—1700 Weoinut Street Building 
Salt Lake City 1 1531 First Security Bank Building 


331 Henry Building 
1626 Hunt Building 
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JJURAMETALLIC 
Packinga 


P RECISION made die-molded packing rings 
by Durametallic present 3 points of sealing 
satisfaction: 


1. 


2. 
3. 


f 


They provide a perfect fit for your stuffing 
box. 


They save time, labor and eliminate waste. 


They are tailor-made to insure a more 
accurate packing installation. 


» 


A \t 
gunnnetny r WRITE TODAY FOR YOUR COPY 


OF FILE NO. DMPR 
containing illustrated bulletins on 
Durametallic Packings—with dato 
and specifications toward answering 
your sealing problems 


DURAMETALLIC CORPORATION 


KALAMAZOO MICHIGAN 


MANUFACTURERS OF METALLIC and SEMI-METALLIC PACKINGS 


ROTARY MECHANICAL SEALS and PACKING TOOLS 





Sage Receives $1000 Award 
Of Precision Scientific 


The new $1000 Precision Scientific 
Company award in petroleum chemistry 
will be presented for the first time to 
Dr. Bruce H. Sage, professor of chemi- 
cal engineering in the California Insti- 
tute of Technology, on September 19 
at the 116th national meeting of the 
American Chemical Society in Atlantic 
City, N. J. The prize was established last 
year by the company “to recognize, en 
courage, and stimulate outstanding re- 
search achievements in the field of pe- 
troleum chemistry in the United States 
and Canada.” 

Dr. Sage, whose 19-year petroleum 
research is credited with enlarging the 
recoverable natural oil resources of the 
United States, is associate director of 
engineering and head of the explosives 
department at the Naval Ordnance Test 
Station, Inyokern, Calif. Last year, he 
received the medal for merit, highest 
military award open to a civilian, for 
his World War II research on rocket 
propellants 

In 1929, he received a B.S. degree in 
chemical engineering from New Mexico 
State College and was graduated from 
California Institute of Technology with 
an M.S. degree in 1931 and Ph.D. in 
1934. He was a teaching fellow at the 
Institute from 1930 to 1934. and a re 
search fellow from 1934 to 1947, later 
becoming assistant professor. He was 
made an associate professor in 1939 and 
a full professor in 1943. He is the author 
r co-author of more than 100 technical 


papers 


Texas A. & M. Offers 
Instrument Short Course 


Texas A. & M College at College 
Station, Texas, will offer a fourth short 
course on “Instrumentation for the 
Process Industries,” as a seminar Octo- 
ber 12-14, with lectures and discussions 
on automatic control. The program con 
tains subjects of interest to mstrument, 
process design and operating engineers 
Lectures will cover the measurement 
and control of temperature, pressure and 
liquid level, time control, and other 
allied subjects, stressing the relation 
ship between practice and basic control 
theory 

Further information may be obtained 
by writing Professor P. G. Murdoch, 
Chemical Engineering Department, 
Texas A. & M. College, College Station, 


lexas 


Standard Oil of California 
Grants 36 Scholarships 


Standard Oil Company of California 
has awarded 36 new scholarships of $500 
each for the 1949-50 academic year to the 
universities of Alaska, Arizona, Cali- 
fornia (two at Berkeley and two at Los 
Angeles), Hawaii, Idaho, Nevada, Ore 
gon, Utah and Washington 

The scholarships will be awarded, one 
each, to the four undergraduate classes, 
making it possible for one student to 
qualify throughout his four college years, 
although competition is on an annual 
basis. These awards are in addition to 
23 fellowships the company provides for 
advanced scientific studies in 13 insti 
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DUPONT TETRAETHYL 


Du Pont Research 


at Work on Fuel Variables 


Affecting Engine Performance 


It is well recognized there are a large number of fuel variables that 
affect engine performance. While much can be learned about these 
through laboratory research . . . it is necessary to supplement this 
information through carefully controlled research on the road. 

As a part of its Petroleum Chemicals research program, Du Pont 
is conducting an intensive investigation of the effects of tetraethyl 
lead compounds and other fuel additives under all types of service 
conditions. Fleets of passenger cars, running under medium duty 
conditions, operate out of the East Coast Road Testing Laboratory 
at Deepwater, New Jersey, while heavy duty truck tests are con- 
ducted from the El Monte, California, Laboratory. 

The test results, being obtained in these cars and trucks, are used 
as a guide in research on fuels and additives to assist the petroleum 
industry in the production of improved fuels which in turn benefit 


the motorist. 


“ts. v 5. sat OFF 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


LEAD 


COMPOUNDS 


Test courses for the West Coast 
truck fleet cover all types of terrain 


Engine adjustments are carefully 
made to insure uniformity of 
performance. 





Tractor units ore corefully serviced to maintain 
peak operating efficiency. 


Test trucks ore operated in groups to provide When oc test is completed, each engine port is 
comporotive results. carefully examined to determine the effect, good 
or bad, of additives under investigation. 


West Coast Provides Heavy Duty Truck Tests 





The Du Pont West Coast Road Testing Laboratory is the “heavy 
duty” test center. Here, tests simulating heavy duty truck service 
are conducted over terrain ranging from flat desert country to 
steep mountain grades making it possible to duplicate the wide 
Tetraethyl Lead Compounds variations in operating conditions encountered in service. 
(Motor Mix —Aviation Mix) Equipment and courses are standardized; in addition, all of 
the trucks are operated simultaneously as a group to eliminate 


MAKE DU PONT THE SOURCE FOR ALL 
©OF YOUR GASOLINE ADDITIVES... 


Antioxidants : . 
the variables of terrain, weather, traffic, etc. In this way tests are 


Metal Deactivator — Dyes under rigid control and comparative and reproducible results 
are obtained. 

Day and night this test fleet is piling up mileage investigat- 
ing fuels and additives and the other variables affecting fuel 
performance. These heavy duty tests represent one extreme of 

nas operating conditions and are part of a long-range program 


investigating additive requirements for today and for the future. 
Better Things for Better Living . . . Through Chemistry 


£.1.DU PONT DE NEMOURS & COMPANY (INC.) Wilmington, Del. 
Chicago, Il. _— 
PETROLEUM CHEMICALS DIVISION Tulsa, Okla. District Offices: 
P P Houston, Texas 
Wilmington 98, Delaware El Monte, Calif. 








tutions and six undergraduate scholar- 


ships given annually to members of the 
4-H Club and Future Farmers of 
America. Total current outlay for these 
programs is approximately $60,000 yearly 
Compressed Air Systems 


Safety Research Reported 


Demonstration by Bureau of Mines 
tests of the existence of a “carbon- 
oxygen complex” in the carbon deposits 
that sometimes occur in compressed-air 

s paves ay for further re- 


systems paves the way 

search aimed at eliminating or con- 
trolling explosion and carbon-monoxide VARIABLE SPEED 
hazards in the use of compressed air, 


according to a report released by the | 


Bureau. 

Both explosions and the formation of 
significant quantities of carbon mon- 
oxide in compressed-air systems are | 


rare, the report says, and there is con- 
siderable difference of opinion regard- 
ing their cause. They appear to be 
related, because each results from some 
combustion within the system. 

free copy of Report of Investi- 
gations 4465, “The ‘Carbon-Oxygen 
Complex’ as a Possible Initiator of 
Explosions and Formation of Carbon 
Monoxide in Compressed-Air Systems,” 
can be obtained from the Bureau of 
Mines, Publications Distribution Sec- 
tion, 4800 Forbes Street, Pittsburgh 13 





Cyanamid Renews Grants 


The American Cyanamid Company 
has renewed 15 scholarships for the 
academic year 1949-50, chiefly in the 
fields of chemistry and chemical engi- 
neering. These scholarships provide $1500 
and are awarded to graduate students 
in their last year of pre-doctoral study 
Recipients of post doctoral scholarships 
receive $3000 

Other scholarships have been estab- 
lished at Brown University, Massachu- 
setts Institute of Technology, Columbia 
University, Princeton University, Uni- 
versity of Virginia, Pennsylvania State 
College, Cornell University, University 

Illinois, University of Notre Dame, 
University of Michigan, University of 
Wisconsin, University of Minnesota, 
University of Colorado, and Purdue Uni- 
versity 


Sets Accident-Free Record Murray Type S Steam Turbines are well suited to a variety of jobs 
2 including those drives requiring variable speed. These turbines may be 
A record of 2,000,000 consecutive man constructed with hydraulic type variable speed governors and complete 
hours without loss of time due to in pressure lubrication system including reservoir, filter, cooler, oil pres- 
juries has been established by employes sure gauges and thermometers. Turbines so equipped are not only suit- 
of the Kansas City refinery of Phillips able for variable speed operation but for higher operating speeds as 
Oil Cc ——n, holly-owned subsidiary well. These features make the Type S variable speed turbine an ideal 

of Phillips Petroleum Company. Since drive for high speed centrifugal compressors and blowers. 
- last accide - a 1948, Ww. A. Mc- Pictured above is such a machine designed to deliver 400 HP at 7400 
arthy, plant superintendent, said that RPM. This “tye d for speed adjust t by of hand 

S res rceide _— ’ 
the: - ~— i eons bev — control or by automatic control. The turbine is also equipped with a 
ti m0 at mr plant in f 030 g —" vibrating type speed indicator and a remote control tripout device. Note 
a. : Ege that the construction provides an oil tank of generous oil capacity. The 
The plant has 1071 employes and combined base and tank arrangement may be extended for mounting 
operates 24 hours a day, seven days a the driven machine if desired. 


week 
Write today for full details. 








Bahrein Names Executive 


E. A. Sk has t lected 
president ey he taken IRON WORKS COMPANY 
Company Limited and will be in charge | -..—— 


of government and public relations in 
the Persian Gulf, with office in Manama, BURLINGTON, IOWA 

Bahrein. Until his election as a vice 

president of Bapco, Skinner had been | Builders of Steam Power Equipment for Three Quarters of a Century 
vice president of Trans Arabian Pipe | 
Line (Tapline) 
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BOOKS of Interest 


Propane and Butane 


‘Questions and Answers on Nae mag 
and Butane Fuels,” |y 


Pumping Equipment 
Hydra Institut is amt 


lit 


“Material Specifications for Pumping 
Sonam, t é met 


Magnafiux 


Principles of Magnaflux” 


i 


Standard Samples 


t . : ( 

§. “Standard Samples Issued or in 
Preparation by the National Bureau of 
Standards.” 


Hiprising 
} 


suc 


ceramics; higl 
chemicals; 


Was! 


First Oil Analysis 


“The First Scientific Analysis of oe 


Eye Hazards 


Eye Hazards,” 


Infort 


“Holding: Open House,” 


“Your Industry and Mine,” 
mnloves of ¢ +1 d 


ASTM Symposium 
American Society for Testing Materi 
als, publication, “Symposium on Indus- 
trial Gear Lubricants” provides experi 
ences and data on the pr 
dustrial gear lubricants which may need 


operties of in 


to be investigated in connection witl 
the establishment of test methods, ne 
menclature and specifications. This sym 
posium with three technical papers has 
been arranged by Committee D-2 on 

petroleum products and lubricants 
ibes a series ! t [Ss USING 
limken and Four-ball ma 
evaluation of heavy duty 
M. Kipp, |. S. Kolarik 
Aluminum Company 

ribe each oil 


Bethlehem Steel Cor 


various gear 
plant, particu 
achinery 
notte, Socor 


lescribe a unique 


lifficulties 
esting 


erials, 


price 


Oil Emplovee Handbook 

An improved 194° third edition of 
handbook 
ustry, has been 
f Information 
Institute Phe 
and drawings 
es and opera 

lustry 
le from API 
ilable on bulk 


' 
‘ 


E xperiment 
ded pr rat 
Aas he i! the 


“Monthly ounmes y of 


Industrial Developments,” 


etroleur ssl 
everal ce 


ivailable 


Gulf Resear 


emis 


buted t PETROLEt 
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Se 














Modernized Vapor Recovery 
Unit Designed for 80% Pro- 
pane Recovery 


Kanotex’s new P 
constructed by 
Ca 
ea 
Give us the op 
tion by modg 


0° Cycloversion Catalytic unit and Gas Recovery plant, designed and 
@ Koch Engineering Company, have successfully met all guarantees. 
ul attention to details which make for greatest economy and 
of operation characterize every Koch-engineered project. 


ortunity to show you the most economical way to keep ahead of competi- 
izing your present facilities. Call or wire us, no obligation. 


* Licensed by Phillips 
Petroleum Company 








compounds now available as NBS stand 
ard samples of hydrocarbons for calibrat- 
ing analytical instruments and apparatus 
in the research, development, and analy 
tical laboratories. Most recent additions 
to the series of compounds, each priced 
at $35 per 5-ml. unit, have been an 
nounced as follows 


Amount of 
Imperity ¢ 
Mele Percent 


NBS COMPOUND 
Sample 
Ne.* Formala Name 





573-58 CisHas 
626-58 | Cal 
574-58 | CrHis 


0.09 +0.06 
.20+0.12 


n-Tridecane 
cis-2-Herene 
4,4-Dumethy!-trans-2 
pentene 0.09 +0.03 

SioHis 1,2,3,5-Tetramethyl- 

benzene 
1-Methyl-4-tert 

butylbensene 
Naphthalene 
2-Methyinaphthalene 


575-58 
0.08 +0.02 
576-58 Cu 
CioHs 
CiiHie 


577-58 
579-58 


following the sample number 
ndicates a sample of 5 mi sealed “in vacuum” in a special 
Pryex glass ampoule with internal ‘‘break-off” tip 

* The purity has been evaluated from measurements of 
freering points, ae described in J. Reasearch NBS 35, 355 
1945) RP1676 unless otherwise indicated 


* The designatior 58 


Write National Bureau of Standards 
Washington 25, D. C., for further details 


Cities Service Awards 94 
Cities Service Company has announced 
that 94 employes of the organization have 
been awarded scholarships 
auspices of the Henry L. Doherty edt 
cational foundation. The foundation, or 
ganized in 1939 by company employes, 
is supported chiefly by their contribu 


new scholarships have 


under the 


tions. Forty-three 
been granted this vear. and 51 others 


Write for this new Callin 


Get the facts 
on how you can 
save on 


DRUM CLOSURES 


Wanted: Back Issues 


Texas Engineers Library, Col- 
lege Station, Texas, is anxious to 
locate back issues of PrTrroLeuM 
REFINER, in order to complete its 
files 

Needed are 
through 21 

Also Nos 
22 are needed 

Also Nos. 9, 10 
Vol. 24 

“We would appreciate any help 
extended us in obtaining these 
back numbers either by gift or 
purchase,” Librarian Robert E 
Betters, said 

The State Board of Registration 
for Professional Engineers and the 
Texas A.&M. College cooperate in 
maintaining the Texas Engineers 
Library 


the entire volumes 1 
1 through 6 of Vol 


and 12 from 


Dow Moves Laboratory 

The Industrial Applications Labora- 
tory of The Dow Chemical Company has 
moved from Ann Arbor, Mich. to Bay 
City, Mich. In the new building are 
10,000 square feet of floor space, per- 
mitting the use of larger scale equip- 
ment. Dr. O. C. Cessna is laboratory 
director and his assistant is Edward O 
Ohlmann 


Texaco Fellowships 

The Texas Company is establishing 
a fellowghip at the Texas Agricultural & 
Mechanical College to encourage gradu- 
ate studies in chemistry. The fellowship 
will apply new analytical techniques to 


RS Ley 


ae 


various types of analyses employed in 
industry. It is believed that these tech- 
niques are unique in that they avoid the 
use of electrodes and electrode reactions 
The Texas Company also is establish- 
ing a graduate fellowship in chemistry at 
the University of Virginia, the purpose 
of which is to determine basic surface 
properties of individual crystals which 
make up the basic structure of metals 


22nd Chemical Industries 
Exposition Date Announced 


The 22nd exposition of Chemical In- 
dustries will be held in Grand Central 
Palace, New York November 28 to De- 
cember 3. The following groups will be 
studying new ways of cutting costs and 
improving products at the chemical ex- 
position: fertilizers, rayon, paint, varnish 
and lacquer, pulp and paper, petroleum 
glass, iron and steel, textiles, coal prod 
ucts and plastics. New economies in 
processing are being developed which 
have engaged the attention of the ex- 
hibitors in preparing superior types of 
equipment for unveiling late in the year 
Displays will feature new materials of 
construction and the use of new materials 
in more efficient machines 


Heads Technical Council 

R. H. Bacon has been elected presi- 
dent of Chicago Technical Societies 
Council for 1949-50. He is vice president 
of the Industrial Advertising Agency of 
Kreicker & Meloan, Inc. and president 
of R. H. Bacon & Company, Business 
Paper Editorial Service 

The Chicago Technical Societies Coun- 
cil is made up of some 50 scientific, en- 
gineering and technicalogical societies. 


For industry. The sturdy lock- 
weave construction of Realock 
Fence gives real protection from 
theft, arson, burglary, and tres- 
passing. And because Realock 
Fence is heavily galvanized, se- 
lected open hearth steel, it lasts 
for years without costly main- 
tenance. 


For home owners. Family, 
pets, new home—you now they 
are safe when they are behind a 
Realock® Fence. Tamper- proof 
fittings keep children and pets 
inside — hard-to-climb diagonal 
mesh weave keeps trespassers 
outside. Realock Fence is smart- 
looking, too a permanent 
improvement for your home. 


Realock Fence is available in var- 
ious types to provide the degree 
of protection desired. Free esti- 
mates...FHA terms available. 


" Ben, 
@ Bunn 


on PHBE) 
' 


dV 
" 


'Ofe)-1-1e)-1 bale)! 
Y 
purine compa tom conpowarion 
2 @ oanne 080 ‘ 6, Cal 
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manu rseueo” 
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6 99.99% PERFECT | 





This degree of vacuum referred to the average | 
sea level barometer is maintained by the Croll- | 
Reynolds five stage steam jet EVACTOR. If five | 
stages sound complicated consider the fact that 
there are absolutely no moving parts. Each stage 
from a mechanical standpoint is as simple as the 
valve that turns it on. Numerous four stage units 
for maintaining industrial vacuum down to 0.2 
mm. and less, and many thousands of one, two | 
and three stage units are maintaining vacuum | 
for intermediate industrial requirements on prac- 
tically all types of processing equipment. 


An engineering staff of many years experience 
has specialized on this type of equipment and | 
has contributed toward | 
the development of sev- 
eral vacuum processes | 
which have revolution- 
ized certain manufactur- 
ing operations, improved | 
certain commercial prod- | 
ucts, and assisted in the 
development of new products. 


Vacuum cooling units well known to industry | 
as Croll-Reynolds CHILL-VACTORS and water | 
jet ejectors round out this line of specialized 


equipment. FLOREX 


FLORIGEL 
FLORAID 


FLORITE 
refining grade 


FLORITE 


desiccant 


CROLL. 


(in 


REYNOLDS 


CROLL-REYNOLDS CO. 


17 JOHN STREET, NEW YORK 7, N. Y. 
CHILL VACTORS STEAM JET EVACTORS CONDENSING EQUIPMENT 
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FLoRIpIN. & 


Department E, 220 Liberty St. 


A property of United Gas Pipe Line Company at Carthage, 
Texas. The drying agent employed is a Floridin product. 


for ADSORBENTS and 
DESICCANTS ... turn to 


, e 


FULLERS EARTH 


Floridin is the oldest producer of Florida 
Fullers Earth and commands adequate sup- 
plies of raw materials from the finest natural 
deposits known anywhere. Extrusion and 
other special processes add greatly to effec- 
tiveness and adapt the product to specific 
uses. Correspondence is invited 


BAUXITE Made from the most 


suitable selected bauxite by special methods 
of activation and mechanical adaptation, 
Floridin products have been found superior 
to other granular desiccants for many in- 
dustrial uses. More specific information will 
be given on request. 


OMPAYN) 


Warren, Pa. 


357 











| “That 100-foot pipe ruyf 
again, chief... the de 
thing corrodes throught 





six mon 





@ Are there spots like this in your 
plant? Is corrosion causing repeated 
replacements of pipe line? If 
here's Karbate” Impervious 


Graphite Pipe can offer: 


$0, 


what 


1. Resists the action of acids, alkalis 
and other chemicals 

2. Light weight with adequate 
strength 

3. Resistant to mechanical shock 

4. Immune to thermal shock 

5. Easy to machine and install 

6 Full range of sizes and fittings 
immediately available 


These products sold in Canede by Conedion 








Write for bulletins M-8800 B and M- 
8801A. Learn about ease of ordering 
and installing “Karbate” Impervious 
Graphite Pipe and Fittings. Write 
Dept. PR. = 
The term *’ Karbate”* 
is a registered trade-mark of 
NATIONAL CARBON COMPANY, INC. 
Unit of Union Carbide and Carbon Corporation 
luc) 
3% East 42nd Street, New York 17, N.Y. 
Division Sales Offices: 
Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 


Foreign Department: New York, U.S. A. 
Torente 4, Conede 


Nétiono!l Corbon Co. itd 

















NEW EQUIPMENT and 


Manufacturers’ Literature 


Conductivity Units (Item 445) 


il con 
, | 
ow-cost as analysis 
Vw Mac 


Instrument 


useful 


g with thermo 
rated into pyron 
changes at 
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M 


lerring 


t I ‘ LEI CEFINER ite 


Water Testing (Item 446) 


Testing and control equipment f 
by W. H 
described in a booklet 


tests Bet? 


rciu 


water analysis, manufactured 
& | D. Betz, are 
whicl 


includes witl 


stands ar 


sets 
d cabinets, « 
st sets, color 


metric comparators 


laboratory test set 
W. H 
Wort 


referring b 


portable 
further mformation write 
LD. Betz, Gillingham & 
Philadelphia 24 
to this PerroLeEUM 


Streets, 
number REFINER iter 
Liquid Gage (Item 447) 


Registering change in tl 
with 


reading is claimed for 


water accuracy OI 
1 
ot scale 


Septen her, 1949 


A Gulf Publishing 


For copies of manufacturers’ literature or more 


information about products described on these 


scale clis 


& Valve Comp: rT 


reading xg 


(rage 
tance liquid level 
ndication of wi i rs, and de 
tanks which has a 
adjustment in’ be cali 


up 


1erating 
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prate 


mtit-imn easily 
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» low high 
d by lights and/or 
any desired number of auxiliary 
ic equipment includes a 


water ressure 
too 


iS Signalle 


man 
a Stainless steel float in one 
uated movement ot 

anometer 


meter 


leg he ne ac by 


mercury in the n 
For turther 
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Jergu 
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referring by 

REFINER item 


rite 
SO 


information Ww 
Gage & Valve ¢ 
ay, Somerville 45 

number to this 


ompany, 
Mass., 


PETROLEUM 


High Vacuum Pumps (Item 448) 
Stokes Microvac Pumps for High 
Vacuum,” a catalog and data book of 
l ]. Stokes ( ompany, describes Stokes 
microvac pumps, including specifications, 
and their applications in and 
industry. Vacuum data and engineering 
imation explained together with 
dustrial vacuum problems 
included 

Stokes Ma 
Road, Phil 
to this 


research 


are 
processing 
and tables 
write | J 
5900 


harts, graphs 
For a copy 

hine Company, 
iwlelphia 20 
eTROLEUM 


are 


Vabor 


referring by number 


REFINER item 


. 

SRR SR MOS vn. CAN ‘ 
Anchor Guide (item 449) 

A new method for guiding and 
choring the expansion jomt on 

gid members is incorporated in_ the 
patented anchor guide of Piping Special 
Inc. It is claimed to insure com 
plete alignment of working parts at and 
around the joint, making un 
necessary of anchor thrusts 
and = the attachments be 
ween pipe The increased 
of by tempera 
liquids con 
taken 


an 
long 


ties, 


expansion 
the figuring 
complicated 


length 


ture 


and structure 
pipe, 
changes in the ¢ 
piping 


occasioned 
ases or 
by the system 
uy the 
fabricated t 


veyed are 


» m guide Connections are pre 
velded to the 
anchor can be 


the angular 


and are 
held. The 
accommodate 
changes n re run of the pipe 

For further information write Piping 
Specialties, Inc., 114 Liberty Street, New 
York 6, referring by number to this 
PETROLEUM REFINER item 


pipe m_ the 
modified te 


Company Publication 


pages write to the address shown, using the 


number shown for each item desired. 


Acidity Test Kit (Item 450) 


\ portable testing kit of The Gerin 
Corporation “will check the neutraliza 
tion number or acidity of turbine, trans- 
former and other mineral oils with one- 
third ounce oil sample in two minutes.” 
Che neutralizer, potassium hydroxide, is 
in single measured in sealed am- 
poules which are supplied with a neu- 
tralization value of .3, .6 and 1.5 milli 
grams of potassium hydroxide per gran 
of oil. The kit is furnished with 4 glass 
cylinders for making the tests, two pints 
of a neutral solution of water-alcohol 
pink indicator, 20 ampoules of the neu 
tralizer, and files for opening the am 
poules 

For 


Gerin 


doses 


further information write The 
Corporation, Red Bank, N. J., 
referring by number to this Perroteum 


REFINER item 


Lubricator (Item 451) 

A weight-loaded lubricator, designed to 
leliver lubricant at constant pressure in 
desired quantity, and manufactured 
by Mixing Equipment Company, may be 
used in applications to stuffing boxes of 
pumps and mixers, motors and engines, 
heavy machinery, farm machinery, line 
shafting ed and lubri 
cated valves be applied 
to lubricants and 


izhts are 


any 


bearings, motor 
Pressures may 
up to 150 
n additional we« 
eighs 20 pounds 
write 
1024 Garson 
Rochester 9, N. ¥ 
to this PerroLeumM 


9 
still 
used 


psi 
re whe 
Phe lubricator 


Equipment Company 


Mixing 
Ave 
Trine“ by 
REFINER item 


further tntormatiotr 


nue, rete 


amber 
umnbe 


Power Piping (Item 452) 

“Design Guide to Expansion,” a bul- 
letin of Chicago Metal Hose Corpora- 
tion, contains illustrations, charts and 
tables for information in industrial fields 
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. Electrode Holder (item 453) 
New Equipment r 





! ng 
consideration 
application and selec 
e-flexing” and cor 
rrugated expansion joint 
per methods of I 
llustrated and data is giver 

type of piping installation 

formulas for calculating requir 

neral Elect 


strength ic Company has manu- 
For further information write | 
Metal Hose ( Maywood, IIL, Ide 


referring by *ETROLEUM assembly made 
REFINER iter ng t 


hicago factured a miniature inert-arc electrode 
flexible “goose-neck” front 
of malleable copper tub- 
silicone 


orporation, with 
number to this 


by a sheath of 





Tan 


& CO. Inc. 


Chicago 6, Illinois 





NA ie 


GENERAL OFFICES 


205 West Wacker Drive, 


rubber so that it can be bent in any direc- 
tion. Designed for fluxless welding of 
non-ferrous metals in the thinner gages 
from No. 16 to No. 40 (0.0625 to 0.003 
inches), the holder is available for 0.010+ 
and. 0.020-inch tungsten electrodes and 
for 0.040 and 1/16-inch tungsten elec- 
trodes. It has a rating of 40 amperes con 
tinuous, and can be used with either a.c 
or d.c. supply. Currents of 60 amperes can 
be employed, if overheating is prevented 
by low duty cycles 

For further information write General 
Electric Company, Schenectady 5, N. ¥ 
referring by number to this PetroLeEum 
REFINER item 


Sub-Zero Steel (Item 454) 

Alloy steel capable of fulfilling engi- 
neering requirements of sub-zero service 
at operating temperatures as low as 
—423° F. has been developed by Leba- 
non Steel Foundry. The alloy steel, 
known as Grade 22, is an austenitic cast 
ferrous alloy containing 19.50 percent 
chromium and 9 percent nickel, among 
other alloy constituents. It has been 
used in the production of steel castings 
for pressure equipment in storage facili- 
ties for liquid oxygen used as a pro- 
pellant for rocket engines. Storage is 
maintained under high pressures of 
—298° F. Tensile strength is said to 
vary inversely with temperature and in 
direct relationship with hardness. The 
alloy may be welded by either gas or 
electric without subsequent 
heat treatment 

For further information write Lebanon 
Steel Foundry, Lebanon, Pa., referring 
by number to this Perroteum RerFiNer 
item. 


processes 


Air Filter (item 455) 
Industrol Corporation's cer 
sorptive air filter is designed for 
f entrained water 
and oil, oil vapors 
and pipe scale fr 
compressed air 
mum working 
sure is 150 p 
Pressure dro 
through a filter 
inches of water. Air 
entering the filter 
chamber is swirled so 
that particles of oil 
are drained to the 
bottom of the cham- 
ber. The air then 
passes through the 
porous stainless steel 
cartridge which is 
filled with S/V sova- 
bead. Porous stain- 
less steel removes re- 
maining particles of liquid which also 
drain to the bottom. Any oil vapors which 
escape the porous stainless steel are ad- 
sorbed by the sovabead 
For further information write Indus- 
trol Corporation, 88-35 76th Avenue, 
Glendale, Brooklyn 27, referring by num- 
ber to this PerroLeuM REFINER item 


trisorb ad 
removal 


Glass-Pipe Coupling (Item 456) 
Fischer & Porter Company has manu- 
factured a new threaded metal coupling 
for use with pyrex glass pipe lines. The 
coupling simplifies the installation of 
glass piping by replacing three-bolt tri- 
angular metal flanges. “Wrenches are not 
necessary and perfect alignment is as- 
sured. The danger of breakage due to 
uneven take-up is eliminated.” Metal 
couplings are available in sizes 4, 4, % 
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UTS UCU RR conreacrors ano 


all purpose metal framing- 





SIMPLE AND 
t \) COMPLETE 
} Qs « SS EASY TO USE 


SHOWS DETAILS 
and l-inch for making glass-to-glass or , 
glass-to-metal connections. “Installation OF PRODUCT AND 
time is reduced up to 60 percent in com- APPLICATIONS 
parison with alternate methods.” 

For further information write Fischer 
& Porter Company, Hatboro, Pa., re- 
ferring by number to this PetrroLeum 
REFINER item 


Drum Finishing Unit (Item 457) 
A new bulletin of Eclipse Air Brush 
Company (manual and automatic drum THE MOST PRACTICAL AND 
finishing units) describes the basic drum 
rotating unit, which incorporates a ro-  @) U 
tating cradle that tips to eject the drum USEFUL IDEA BOOK Y U VE 
at the completion of the spray painting 
operation, the semi-automatic drum R PUT TO Wo 
painter claimed to paint and strip up to EVE RK! 
450 drums per hour and the automatic 
chime painter, called “the only drum 
finishing equipment that paints chimes idl > ; : 
in & Cantal Soden, eaeiniiy Gale Here are 24 pages packed with pictures, data and 
matic.” P . . , 
y detailed information on how to build frames, hangers 


A copy of the bulletin may be ob- 
tained by writing Eclipse Air Brush ’ / ; . 
Company, 308 Park Avenue, Newark 7, and supports for electrical, plumbing, heating and air 
N. J., and referring to Petrroreum Re- t j 
FINER item 457. conditioning equipment of all kinds, the fast, easy 








Tubular Heater (Item 458) economical Unistrut way. 
A simplified vertical tubular heater, 
designed to hold initial and maintenance 
costs to a minimum, is offered in a 7 i : . : c 
Foster Wheeler Corporation brochure Write jor your copy of Catalog 500- —fill 
This design, which features bare tubes, 
has no metal parts exposed to furnace coupon and mail today! 
gases, the heaters are suitable for proc- 
ess duties and designs are available for 
heat absorption capacities as low as U. S. Patent Numbers 
1,000,000 Btu.’s per hour. A diagramatic 
sketch shows a cross-section of the 
heater consisting of an upright cylindri- 
cal steel structure with an integral self 
supporting stack which is provided witl 
a circular rail and trolley for removal Representatives 
of tubes in Principal Cities 
I or further information write Foster 
Wheeler Corporation, 165 Broadway 
New York 6, referring by number t 
this PerroLteum ReFINer item 


2327587 2363382 
2329815 2380379 
2345650 2405631 


UNISTRUT PRODUCTS COMPANY 
1013 W. Washington Bivd. Chicago 7, Ill. 


Please send me your new Unistrut Catalog No. 500, 
without obligation. 


Name 


Company 
Heat Exchanger (item 459) 

Plate fabrication and heat exchanger 
information are discussed in a Downing 
town Iron Work’s bulletin which con- 
tains lists of general facilities, manufac 


Address 


City 
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characteristics, construction 
performance data and standard 
both steam and hot water 
generators in sizes from 10 to 300 hp 
for fixed For a copy of the bulletin write Cyck 
ating heat Corporation, Department 170R 

New York 4, referring 
LEUM REFINER item 460 


trols, flame 
details, 
welding procedure ratings for 


exchange 


therm 
90 Broad Street 


to Perr 


Mercury Cleaning (Item 461) 
Oi] refineries using mercury may 1 
moved dissolved 
1 called the Bet! 
leveloped by 
Phe 


Corrosion Prevention (item 462) 
Metallizing >» prevent corrosion a 

rotect 1 n equipment 
aluminum 1s ex 


Met 


Pp by 


REFERENCE DATA 


for Designers and Fabricators 
of PRESSURE VESSELS, TANKS, etc... 


ON 
LENAPE & 
WELDING NECKS 
MANWAY NECKS 
MOZZLES 
STUDDING OUTLETS 
MANHOLE FITTINGS 
COVERS 
RINGS 
SADDLES 


PRESS FORMED 
RTS AND 
PRESSURE VESSEL 
SPECIALTIES 


60 pages of complete basic data, dimensions, pressure ranges, 

styles and types, code requirements, applications, and valuable 

handbook reference material. A copy of Lenape Catalog 949 
will be sent upon request on com- 
pany letterhead 


LENAPE HYDRAULIC PRESSING & FORGING CO. 
DEPT. 106 WEST CHESTER, PA 


Steel Gate Valve (item 463) 


. has developed a 
ainless steel, O.S.&Y 
} } 


valve with flanged 


7zes range tt 2 to 
flange ends hined to 
ASA specihcaty i t 


e available 


O-11K 
\ESS 


con 
316 
inufactured 


steel 


ate il regul 
AIST spe 
stec Als 
600-1 1 ri carbon 
to 2-inch 
wr socket 
carbon l 
he same 
alve 
information write Pacific 
3201 Walnut Beach Ave 
7, Calif referring by 


Beacl 
! REFINER item 


s PETROLEUM 


Storage Racks (Item 464) 


Barrett-Craver Company's storage 


racks are cons cted ot are 
steel which provides maximum strength 
without excessive bulk or weight. It has 
runners and other fea 
rding to the manufac 
handling. Installation 
drum racks and skid 
given and examples of how 
can be utilized to advan 
tage are shown in Bulletin 4873 

For a copy write Barrett-Cravens 
Company, 4609 Western Boule 
vard, Chicago 9, referring to Perro_eum 


REFINER item 464 


welded 


] 
easily adjustable 


tures which, acc 
turer, facilitate 
views of barrel and 
racks are 


overhead space 


Sout! 


Water Coolers (Item 465) 


Young Radiator 
of jacket ale ooler 
ling is described im 


instal 


Company's new line 
s for gas, gasoline 
and diesel et 2 con 
Catalog 1349. Shown 
lations, detail specifications and ratings 
# 12 models capable of dissipating 
from 505,000 to 2,270,000 Btu. pet 

r < ling service under 
ns. Models handling from 151, 


to 490,000 Btu. per hour are also 


are typi al 


hour 


standard 


has been especially de 
ge the jacket 
ng engi 


V ref 
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Revolving Attachment (Item 466) 





fluor-facts about MUFFLING 


Announcing. - 











The highest muffling efficiency obtainable 





It is a known fact that in conventional muffler 
installations noise and vibration are reflected back 
through interconnecting piping into the engine room. 
This fact alone has limited the ultimate noise and 
pulsation reduction efficiency of 2- and 4-cycle gas and 
diesel muffler installations. 






























































To overcome this limiting factor, Fluor Engineers have 
developed the Fluor Series “D” Muffler System—a scientifically 
designed muffler system wherein work is started on exhaust gases Simple installation 
in the immediate proximity of the engine—a muffler system that 
provides all of the advantages of the Fluor Model “T” Muffler In addition to providing the 
plus added design features that solve field muffling problems highest muffling efficiency ob 
conventional mufflers do not even attempt to solve—and at a tainable, the Fluor Series “D” 
cost competitive with conventional single-element mufflers. Muffler System needs no rede 
sign or alteration of existing 
4 scientific approach to better muffling plans for ianallation in new or 

old plants. It takes no more 

The Fluor Series “‘D" Muffler System incorporates the principle space than conventional mufflers 
of an — ig of three ~ ge ee — a in 95°% of cases space require- 

re a P _ » ¥ 
ethan « . ~~ Man ‘shits fo eel ts Oe euediioee sonnei ments are Jess than coaventional 
of the engine exhaust manifold starts removal of exhaust noise and pulsa 
tion at their source. Element “B" is the interconnecting piping which 
further removes noise and pulsation. Element “C’ of the muffling system 
is located outside the engine room and contains engineered internals that 
remove the remainder of exhaust noise and pulsation 


type mufflers—in 5%, the same 
as conventional type mufflers. 





9 Available from stock — This revolutionary Fluor Series “*D Muffler System is available 
with either air-cooled or non-air-cooled features. You need only submit engine room 
design and dimensions, the make and model of engine and whether the muffling system 

is to be air-cooled or non-air-cooled. Fluor will recommend sizing and type of installe- 


tion for your approval. Submit your plans for recommendation and quotation today—ne 
obligation, of course 


DESIGNERS AND CONSTRUCTORS of Refinery, Chemical and Natural 


BE SURE WITH FLUOR . Gas Processing Units © MANUFACTURERS of Mufflers, Cooling 
Towers, FinsFan Units, Gas Cleaners and Pulsation Dampeners 
ee 


Los Angeles 22 « NEW YORK + CHICAGO + BOSTON 


THE FLUOR CORPORATION, LTD., pirrsstacn. totss . nouston « san PRANCISCO 
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! SIDE ENTERING 
' MIXER 

FOR 

, OILMEN 


Eastern side entering agitators 
are specially engineered for 
large tank installations. Mate- 
rial tending to settle during 
mixing is kept in motion by 
the propeller; bottom precipi- 
tation is thus prevented. Cast 
ribbed bases supporting motor 
and stuffing box insure rigid 
alignment — eliminate wear 
and leakage 

These heavy duty mixers are 
available with pressure stuff- 
ing box, twin rotary seal or 
mechanical rotary seal; also 
with outboard stuffing box 
which can be repacked without 
emptying tank. They’re pow- 
ered with motors rated from 
4 to 30 H.P., with rotat- 
ing speeds from 400 to 1725 
R.P.M 


WRITE FOR FULL DETAILS 


G45 


INDUSTRIES, INC. 


20 REGENT STREET 
EAST NORWALK, CONN 
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2000 and 4000 pound capacity lift trucks 
of Hyster Company The revolving 
head or turn-table on which conven- 
ional fork arms are mounted, turns 180 
legrees in either direction from the 
\ special load-grab unit may be 
mounted on the turn-table of the 2000- 
pound capacity truck in place of regular 
tork arms. An attachment which side- 
squeezes loads with sufficient pressure 
to lift securely without the need of any 
pe of pallet, it has a number of op- 
nal, special-purpose arms which may 
standard load 


t 


center 


substituted for the 
I lesired 
For further inf 
mmpany, Portland 8 
PETROLEUM REFINER item 466 


$ as 
mation write Hyster 


( Ure., reterring to 


Colorimeter (Item 467) 

Model 8 photo-electric filter colorime- 
ter and Model 6B junior spectropho- 
tometer for the determination of oil 
color by the tentative method of the 
American Oil Chemists Society are de- 
scribed in Bulletins B-214 and 211-B, 
respectively, of Coleman Instruments, 
Inc. The colorimeter, incorporating 
many features of the Coleman diffrac- 
tion-grating spectrophotometers, in- 
cludes dual capability of direct-deflec- 
tion reading for speed, potentiometric 
balance for precision, a taut-suspension 
galvanometer for quick, accurate read- 
ing, removable and interchangeable scale 
panels, and a choice of cuvettes. The 
spectrophotometer is specificaily cali- 
brated in accordance with the recom- 


mendations and requirements of the 
tentative method 

For copies write Coleman _Instru- 
ments, Inc., 318 Madison Street, May- 
wood, IIL, referring by number to this 


PeTrRoLeEUM REFINER item 


Expansion Joints (Item 468) 
Low-pressure and turbo joints are 
featured in a new catalog of the Magni- 
Lastic division of Cook Electric Com- 
pany. Discussions of anchoring and 
guiding are included along with pres- 
sure-temperature ASA service ratings 
and how to apply them to MagniLastic 
expansion joints. Action of a bellows- 
type expansion joint in a pipe line under 
pressure is explained including data and 
formulae for the determination of effec- 








22nd EXPOSITION 


CHEMICAL INDUSTRIES 


—to get a wealth of new ideas for reducing costs, increasing production 
efficiency, and improving products—to discuss problems and plans with 
technical representatives of exhibitors here to help adapt the newest tech- 
niques and equipment to your oil refining operations. 

How else can you get so much valuable information in such a short 
period of time? Like thousands of others, you can make yours a more 


important job by being fully informed, Plan now to attend. 


MANAGEMENT INTERNATIONAL EXPOSITION CO 


Here is an unequaled 
opportunity for chem- 

ists, engineers, plant ex- 
ecutives, and others as- 
sociated with the oil 
industry processing oper- 
ations—to see and learn 
from over 350 informative 
exhibits about the latest ad- 
vances in materials methods, 
and equipment for their chem- 
ical processing requirements 
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tive area, thrust area, movements, 
stresses, cycleage and life. Suggestions 
are offered for uses of swing joints in 
pipe line applications. A line of Vacu- 
lastic expansion joints designed for new 
high-vacuum systems is also included. 

For further information write Cook 
Electric Company, 2700 North South- 
port Avenue, Chicago 14, referring by 
number to this PerroLeuM REFINER item 


Pneumatic Instruments (Item 469) 


Proportional Reset Controller-Receiver 


American Meter Company’s new series 
4-88 pneumatic instrument for trans- 
mitting and controlling flow, pressure, 
liquid level, and specific gravity have 
‘reduced to a minimum” pivot points 
and moving parts Other features in- 
clude a positioning device which simpli- 
fies linkage alignment in the field; a 
spring-closing, bellows-sealed reset 
valve, calibrated according to time; and 
a nozzle assembly which permits adjust- 
ment of the nozzle without breaking 
tubing connections. The relay, which has 
a damping device, is equipped with a 
self-cleaning primary orifice and a by- 
pass arrangement which permits chang- 
manual control by turning one 
screw. The instruments are arranged so 
that they can be reversed by shifting 
one end of one link without disturbing 
other adjustments 

For further information write Ameri- 
can Meter Company, 2925 Lincoln Build- 
ing, 60 East 42nd Street, New York, 
referring by number to this PetroLeum 
REFINER item 


ing to 


Cable Connections (item 470) 


In Twecolog, Form No. 7, the com- 
plete line of Tweco Products Company’s 
Twecotong, hol-grip electrode holders, 
redhead ground clamps, cable connec- 
tors, terminal connectors, cable splicers, 
['wecolugs and carbon electrode holders 
are described and illustrated. New six 
bracket quantity price schedule and parts 
information is also included. Information 
about the maintenance and care of elec- 
tric welding cables, connections, grounds 
and holders is given 

For a copy write Tweco Products 
Company, P. O. Box 666, Wichita, Kan., 
referring to this PerroLteum REFINER item 


September, 1949 


Dual Fuel Pumps (item 471) 

A new dual plunger fuel pump and 
automatic thermal air control, now 
standard equipment on dual fuel diesels 
built by Worthington Pump and Ma 
chinery Corporation, are described in 
Julletin S500-B45. Advantages of each 
are listed. Applications of the diesels are 
given for industry and utility service, 
in electric generating stations, sewage 
disposal plants, and in the world’s larg- 
est sludge plant. Dual fuel and gas 
diesels are also described with sizes and 
ratings for both atmospheric and super- 
charged engines. Speeds for both range 
from 514 to 360 rpm 

For a copy write Worthington Pump 
and Machinery Corporation, Harrison, 
N. J., referring by number to this 
PETROLEUM REFINER item 


Distribution Transformers 
(Item 472) 

Features and applications of the air- 
cooled, all-purpose indoor and outdoor 
distribution transformers of Marcus 
Transformer Company, Inc., are dis- 
cussed in Bulletin 49-ACO. Special 
transformers to meet individual require- 
ments are also included. 

For a copy write Marcus Transformer 
Company, Inc., 32-34 Montgomery 
Street, Hillside 5, N. J., referring to 
PETROLEUM REFINER item 472. 


Impact Tool (Item 473) 

Slugger, the size 588 impact tool, 
manufactured by Ingersoll-Rand Com- 
pany, is rated up to 4-inch bolt size and 
was especially designed for speedy re- 
pair of heavy equipment and the manu- 
tature of types of machinery invoiving 
large studs, bolts and nuts. The tool 
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weighs 215 pounds and has a free speed 
of 355 rpm. with 550 impacts per minute. 
Over-all length to shoulder of anvil is 
26% inches; side to center distance of 
the hammer case is 4 inches. It operates 
with a 2% inch square driver. Standard 
equipment includes a safety live air han- 
dle with independent reverse; suspen- 
sion ring and dead handle 

For further information write Inger- 
soll-Rand Company, 11 Broadway, New 
York, referring by number to this 
PETROLEUM REFINER item. 


Separation (Item 474) 

Substantial cost savings are indicated 
in Bulletin 11 issued by Otto H. York, 
Inc., which discusses separation as de- 
sired in mist extraction, gas filtering, 
tower packing, cleaning and baffling with 
York elements made of York technical 
knitted mesh. 

For a copy write Otto H. York, Inc., 


WA 
ELECTROFORGED 


FOR STRENGTH—FOR SAFETY 


See how the twisted cross bars and 
bearing bars are forged and welded 
into one rigid unit . . . that’s the 
process which has made Blaw-Knox 
the most widely used Grating in the 
world . . . for a “‘close-up”’ of Blaw- 
Knox Grating construction, write 
today for a paper-weight-size sample 
on your business letterhead. 


BLAW-KNOX DIVISION 


of Blaw-Knox Company 
2005 Farmers Bank Bldg. 
Pittsburgh 22, Pa. 





BLAW-KNOX GRATING 
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Steam Specialties (Item 475) 








g, Car e & Hamn 


STEEL AND ALLOY 
FRACTIONATING COLUMNS 


Can ~ 
—_— - .2 
1  e 
» = 


LEADER BUILDS 

TANKS — KETTLES — FRACTIONATING COLUMNS 

HEAT EXCHANGERS and SPECIAL EQUIPMENT 
OF 

STEEL—STAINLESS STEEL—NICKEL—MONEL 

INCONEL — COPPER — EVERDUR — HERCULOY 

HASTELLOY — ALUMINUM and CLAD STEELS 


LEADER IRON WORKS, INC. 


2170 N. JASPER DECATUR. ILLINOIS 








University of Chicago is provided with 
each rule. Dimensionally stable magne- 
sium alloy body, with optical tongues 
and grooves machined to .0Ol-inch accu 
racy, insures alignment, freedom from 
distortion and easy operation. The rule 
contains the following 16-scale arrange 
ment Front LLI, A-B, T, S, C-D, 
LL2; Back: LL3, Df-Cf, Clf, Cl, C-D, 
and I 

For further information write Pickett 
& Eckel, Inc., 5 S. Wabash, Chicago 3, 
referring by number to this PerroLeum 
REFINER item 


Balance Accuracy (Item 477) 





screntih 
ring by 
REFINER it 


Return Bends (item 478) 
Thres types f returt bends are 
I Steel Foundry 
RB-149 2000 
me Owen ow 
2500 
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Foundry ( 
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REFINER iten 


Tube Expanders (item 479) 


Bulletin 420 of Thomas C. Wilsor : 


describes tube expands 


heat exchangers and gene 
n ad hle hall 


justable 


vrite Thomas 
h Avenu 
1, N. Y., referrir 
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Needle Valve (item 480) 
Featuring one piece, forged bodies 

which “entirely eliminate leakage,” a line 

ot improved 

high pressure 

needle valves 

have been pre 

sented by C. A 


CONTROL OF PRESSURE 
FOR INCREASED ACCURACY 





' res and in brass 

s steel. Steel bodies are 

h brass and stainless 

tural finish with all 
idjusting wheels 

nformation write \ 

222 Santa Fe Drive 

to 


en Company 
Denver 9, ( reterring by number 





this PerroLeuM REFINER item 


Barrel Truck (Item 481) 


These McAlear units offer a completely coordinated “package” 
for installation wherever sensitivity of control is required. 


McAlear No. 115 and No. 116 Diaphragm Motor Valves—Equipped with 

ball bearings and multiple springs. No. 115 is spring opened and 

Roll Rite ¢ , rte pressure closed while No.1I6 is spring closed and pressure opened. 
Rap he ae cee Available in semi-steel or cast steel, or other metals, suited to vari- 
on ous pressures, temperatures and services. Sizes from %” to 12”. 


charging and discharging. The unit is 

ape MR Re ey By Fae McAlear No. 1500 Pilot — Employs spiral sensitive spring which 

salihad thindia talk tnesines eel enkeie reduces hysteresis to minimum. Adjusted or converted to reverse 

design action without use of tools. Indicator shows controlled pressure. 
For a y of Engineering Bulletin May be mounted on valve or remotely (surface or flush) without 


p a c Pp Bo bal ailable. 
so "Jeff ne. "7 _ tia 7 alteration. Full range of operating pressures av Write for 
and »  Oakla ° Bulletin No. 150. 


Calif... referring by number to this 


PeTRoLEUM REFINER item 1 
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re > Sal ety eads, emical ced 
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Black, Sivalls and Bryson, Inc covers 
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Kansas City 


Bryson, Inc., 720 Delaware, 
this 


6, Mo., referring by number to 
PETROLEUM REFINER item 


Finishing Cement (Item 483) 

A new finishing cement, which is said 
to eliminate from three to six standard 
applications steps, and developed by 
Baldwin-Hill Company is described in 
a company folder. The cement is a dry, 
loose material of mineral wool fibre bas« 
with a “thermal efficiency superior to 
that of asbestos finishing 
approaching that of insulating cements.’ 
Suitable for either indoor or outdoor 
applications, the cement applies “with 
two or three passes of the trowel” and 
is adaptable to irregular small surfaces 
and large flat areas in either thin or 
thick layers. It is said to resist tempera- 
tures up to 1700° F 

For a copy write 


cements, and 


Saldwin-Hill Com- 
pany, 500 Breunig Avenue, Trenton 2, 

J., referring by number to this 
P ETROLEUM REFINER item. 


Safety Devices (Item 484) 

The 1949-1950 issue of “Everything 
in Safety,” E. D. Bullard Company's 
catalog, describes personal protective 
equipment and industrial safety devices 
Che catalog is divided into five sections 
Aid; respiratory protection; eye protec- 
on; hats, belts and clothing; and mis- 
jt Ps safety equipment 

For a copy write E. D. Bullard Com- 
pany, 275 Eighth Street, San Francisco 


3, referring by number to this PeTroLeuM 
REFINER item 
ie 





Plastic Diaphragm (item 485) 


Plastic diaphragm material for use in 
diaphragm valves and offered by Hills- 
McCanna Company, “makes possible the 
handling of 66° Be sulfuric acid without 
leakage, dripping or sticking problems 
usually encountered.” The valves suited 
for pressures to 100 psi. and tempera- 
tures to 125° F., are furnished in sizes 
from % to 4 inches in cast iron, cast 
steel, durimet or glass-lined bodies. All 
bodies have flanged or screwed ends 
except the glass lined valves which are 
available with flanged ends 

For further information 
McCanna Company, 3025 North West- 
ern Avenue, Chicago 18, referring by 
number to this PerroLeuM REFINER item 


Cement (item 486) 

Bulletin 10 of Gunite Concrete ang 
Construction Company describes the 
physical characteristics and adaptability 
of the company’s concrete. The advan- 


write Hills- 


PLATINUM & 
— PALLADIUM 


PLATINUM 


“ CRUCIBLES, DISHES 


AND ELECTRODES 


AND PLATINUM-CLAD 


APPARATUS 


Write for our descriptive 


booklet « on catalysts R-21 


THE Wratael PLATINUM WORKS 


Refiners and Manufacturers 


PRECIOUS 





METALS 
SINCE 
1875 


231 NEW JERSEY R. R. AVENUE 
NEWARK 5, N. J. 


tages and applications of cement con- 
struction are discussed for walls, fire- 
proofing, building rehabilitations and re- 
pairs, water reservoirs, steel pipe coat- 
ing, etc. Methods of attaching reinforc- 
ing to steel plate, and fireproofing speci- 
fications are explained. 

For a copy write Gunite Concrete and 
Construction Company, 1301 Woods- 
wether Road, Kansas City 6, Mo., re- 
ferring by number to this PerroLeum 
REFINER item. 


Liquid Analyzer (item 487) 


For use in measuring atmospheric 
contaminations and for process c ntrol, 
a gas and liquid analyzer, the “LIRA,” 
meaning luft-type infrared analyzer, has 
been developed by Mine Safety Appli- 
ances Company. The instrument has 
been used in industrial process control 
to measure propane and butane in natu- 
ral gas before and after the gas has 
passed through a natural gasoline plant 
to measure the recovery efficiency of the 
plant. It may also be used for measur- 
ing the purity of various chemicals and 
simple or complex mixtures 

The company’s Bulletin CN-3 de- 
scribes a face shield for protection in 
handling acids and other chemicals, 
pouring hot metal, in gasoline refining, 
sanding, grinding, degreasing, and elec- 
tro-plating operations. 

For further information or a copy of 
the bulletin write Mine Safety Appli- 
ances Company, Braddock, Thomas and 
Meade Streets, Pittsburgh 8, referring by 
number to this Petroleum REFINER item. 


Intercom System (item 488) 


electronic intercom sys 
Underwriters’ Lalx 
Group D hazardo 


atmospheres con 


A two-way 
tem, approved by 
tories for Class I, 
areas which include 
taining gasoline, petroleum, naphtha, 
benzine, alcohols, acetone, benzol, lac 
quer, solvent vapors or natural 
been developed. Features include 
signal to show that the system is in us¢ 

number of stati 
Basic e¢ 


gas has 
a busy 


ns may be used 
juipment lud 
} 


lifier ¢ 


tone, Inc., 415 1 exington Aver 
York 17, referring by 


PETROLEUM REFINER 


nun 
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Valves (item 489) 


Three new lines of flex-valves—the 
slip-on type 7100, the flanged-end type 
7200 and the diaphragm motor type— 
are described in catalog 450 of Flexible 
Valve Corporation. Features include 
non-clogging service, freedom from wa- 
ter hammer, full pipe capacity, and bub- 
ble tightness. The diaphragm which 
closes or opens by air or fluid is used 
for remote control or instrument con- 
trol. Type 7100 comes in sizes 4% to 2% 
inches. Type 7200, which opens or closes 
by air, comes in sizes 1 to 12 inches 
The diaphragm motor type is available 
in sizes 1 to 10 inches. 

For a copy write Flexible Valve Cor- 
poration, Palisades Park, N. J., referring 
by number to this Perroteum REFINER 
item. 


Metal Screen (Item 490) 


Lektromesh, a metal screen formed 
by the electro-deposition of pure copper, 
pure nickel, or a combination of the 
two metals, is described in a bulletin of 
The C. O. Jelliff Manufacturing Corpo- 
ration. Lektromesh is used as a filtering 
medium for electronic shielding and as 
a decorative material. Standard commer- 
cial production includes many “counts” 
(equivalent of “mesh” in woven wire) 
from 25 to 400 per inch. Widths range 
up to 36 inches, lengths to 100 feet 
“Any pattern or design can be formed 
integrally in this one-piece screen mate- 
rial.” The fact that it will not ravel or 
distort makes it desirable for fabricated 
units and fuel filters. 

For a copy write The C. O. Jelliff 
Manufacturing Corporation, Southport, 
Conn., referring by number to this 
PerroLeuUM REFINER item 


Packet Blowdown (item 491) 


1i0us blowdown, 
Company, auto 
usly removes im 
saves the 


ugh a heat 


oiler and 

it thr F 

he blowdown water te 

ng feedwater. This unit is de 


small plants of under 500 


ther, 1949. 


boiler hp. “It gives a definite blowdown 
regardless of variation in boiler load 
The unit is completely self-contained 
and ready to operate, controls, ther- 
mometer, heat exchanger and supports 
are ail in one crate, and there is no need 
to reassemble the unit.” 

For further information write Henzey 
Company, Watertown, Wis., referring 
by number to this PetroLeum REFINER 
item. 


Waste Treatment (item 492) 

Methods of treating waste in order to 
comply with the stream pollution con- 
trol regulations are discussed in Bulletin 
70 of Infilco Incorporated. General prob- 
lems involved and the principal treat- 
ment methods are described 

For a copy of the bulletin write Infilco 


Metallic shop-welded, fieldbolted 
buildings are furnished with rigid 
bent and truss (peak or bowstring) 
structural steel frames with optional 
wall and roof covering of corrugated 
steel or asbestos. 


They are offered in a wide range of 
standard sizes or can be designed to your 
specifications and special requirements 


Metallic erection crews are available 
anywhere in the Southwest. They know your 
problems in the oil and gas industry. They 
know what service really meons. 


A Gulf Publishing Company Publication 
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Incorporated, 325 West 25th Place, Chi- 
cago 16, referring to PETROLEUM REFINER 
item 492. 


Ammonia Units (item 493) 


Heavy chemical plants constructed 
here and abroad are described in a bul- 
letin of Nicolay Titlestad Corporation, 
New York designers, engineers, manu- 
facturers and constructors of heavy 
chemical plants. Also included are illus- 
trations and photographs of plants from 
10 to 100 tons as well as “packaged” 
ammonia oxidation units and pressure 
nitric acid plants, 


For a copy write Nicolay Titlestad 


LL le 


BUILDING COMPANY 


HOUSTON, TEXAS 


fa 





4601 HOLMES ROAD 
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Gages (Item 494) 
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VORTEX 
BREAKER 
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REFINER it 


Heat Transferers (item 495) 
A Patterson-Kel Company fol 


cess equipmetr 
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pipe 
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Irom <« 
. —_— ‘ es has been developed by 
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FASTER-SMOOTHER 


Tube Rolling 


with IDEAL Tube Expanders 


Ball Bearing-Adjustable 
Thrust Collar 





® Loose collar remains stationary against tube end or sheet, re- 
ducing friction to a minimum. Prevents pulling of tube and will 
not mar sheet—specially ECONOMICAL for production work. 
Expanders may be adapted for use with Automatic Torque 
Controlled Operating Units, for precision tube rolling. 


For Complete Details. ..see Your Dealer, or Write Today 


Whe Gaile al Vtaita ¢4 Company 


DAYTON I, OHIO 


RA, 


Cleveland 15, Ohio, 
PETROLEUM 


fix Corporat n, 
referring by number to this 


REFINER item 


Solenoid Valves (item 497) 


Designed to provide a “simple, 
tive and dependable” solenoid-operated 
} 


tor contr 


posi 


ling 

pressures up 

psi. are Uhe 

Annin Company's 
1520 series e! 

pneumatic solenoid 

valves. Contr valves 

; toSmehes 
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nel. Fluids han« lat high 
OR 
1 and 
ressures 
tron rite Phe 
Mines Avenue, 
les, 1 rring by number to this 
ROLEUM REFINER item 


Pump Control (Item 498) 


Constametrn e controll lume 


pump that delivers in straight line witl 
ut pulsation, is 


649 of Milton Roy 
nstal line 


and 
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sures 

advantages 
cussed. Standard simplex pumps are de 
stroke 
witl 
whilk 


adjustmet 
control and 
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scribed with screw 


length tor capacity 
micro adjustment 
running 

Roy Com 
Phila- 


+} 
is 


Milton 
Mermaid Lane, 


number t 


For a copy write 
pany, 1300 Fast 
delphia 18, referring by 


PeTROLEUM REFINER item 


Nony! Phenol (Item 499) 


Properties, chemical and 


of nonyl phenol, an alkylated phe 
nol produced by Koppers Company, Inc., 
Bulletin C-9-125. The 
reactions with 

formulae 
vinylation; 
compounds; 


reactions, 


uses 


are described in 
, , 
following also 
representative 
Etherification; 
condensation 
formation of 
phenates; hy 


are given 
structural 
esterinication,; 
with epoxy 

phenoxyacetic acids and 
lrogenation sulferization; 
sultonation; halogenatior 
boxylat nm, al 
hye Also included in the 


list of 75 literature 


nitration; 
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, Cat 
alde 


bulletin is 


condensation with 


references 
For a <« py vrite pper 
, Division, K 
Pittsburgh 19, reterri 
to this PerroteumM REFINER 


Chemical 


Fuel Oil Hoses (item 500) 
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’ ; , , 
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$100, dealing 
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Sales Cor 


Know t Wils 
Jacket,” Air Reduction 
} vy dut arc welder is a direct 
lt, NEMA approved 
rat T It featur 


nt output by n 


rent, 40-y 


pany, 60 East i 

ork 17, referring by num 
ROLEUM KEFINER item 

Sheet and Plate (Item 502) 


< S 


sives te 
istant listed 


and 


1 sizes and capacities 

osion resisting fume handling 
tans and durimet 

ite The Duriron Con 
n ly Ohio, referring by 
TROLEUM REFINER item 


Pressure Gages (Item 503) 


lletin G620 describing series 500 


manufactured 


gives data on 


pressure Kages 


ristol Company, 

principle of operation em 
V ch 

rately 1 rd and aut 


lute 


akes it possible t 
matically 
abs pressures as low as zero 
absolute.” 

write The Bristol Com 
91, Conn., referring by 


REFINER item 


millimeters of mercury 
For a copy 
Waterbury 
to this PETROLEUM 


pany, 
number 


Cocks, Valves (item 504) 

Bulletin 100-1 of Minneapolis-Honey 
Regulator Company, Belfield Valve 
covers the Belfield line of extra 
grade cocks, descriptions being given of 
acid metal cocks, gland-packed and 
roundway cocks, pet and bibb cocks, red 
brass gas cocks, three-way and four-way 
cocks, dial indicator and tuyere cock 
Also described are extra stop 


well 
Division, 


grade 


September, 1949 


valves, check valves, non-return valves 
and transter valve s, etc 

For a copy write Minneapolis-Honey- 
well Regulator Company, Belfield Valve 
Division, Philadelphia 44, referring by 


number to this PerroLeuM REFINER item 


Pressure Charts (item 505) 

New air and hydraulic pressure and 
flow charts are available from Miller 
Motor Company, manufacturer of stand 
ard air and hydraulic cylinders, boosters, 
air hoists, etc. The new charts contain 
easy-to-read data tables for fast con 
venient reference. For example, one ta 
ble gives push and pull stroke pressures 
in pounds for various cylinder sizes with 
various piston rod diameters, at pres- 
sures from 50 to 3000 psi., also the oil 
hydraulic cylinders and 
from 


consumption ot 


air comsumption of air cylinders 
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1% to 20-inch bores 

For a copy of the charts write Miller 
Motor Company, 4027 North Kedzie 
Avenue, Chicago 18, referring to Petro- 
LEUM ReFINeR item 505 


Steel Breakdowns (item 506) 
“Deterioration or Breakdown of Steels 
in Service,” a bulletin of Tempil® Cor- 
poration, was written especially for engi 
neers and production executives who are 
metallurgists. Various phases of i 
deterioration including spheroid 
ization graphitization, temper en 
brittlement, carbide precipitation, and 
sigma phase are explained. Also discussed 
are scaling or oxidation, decarburization, 


not 
ternal 


auineg 


PANEL INSTRUMENT C 


gasoline 


natural 


for 


The Instrument Cubicle, shown 
above, was recently built by Nelson 
Electric Manufacturing Company 
for use in a natural gasoline plant. 


All construction details—including 
fabrication, assembly, the mounting, 
piping and wiring of instruments— 
were performed in our factory as a 
serv ice to the customer. 


This 12-panel unit is 25 feet long, 40 
inches deep and 88 inches high. En- 
closed with access doors at each end, 


217 North Detroit 


TULSA, OKLAHOMA 


plant 


delivered to the customer 
C ‘omplete, thereby reducing 


installation time... 


the cubicle is made self-supporting 
by means of a channel framework 
base and top. 


Instruments are mounted on formed 
sheet steel panels. Explosion-proof 
construction is used throughout. 


Rounded corners and the symmetri- 
cal arrangement of instruments con- 
tribute to the excellent appearance 
of this unit. These cubicles are avail- 
able in all sizes and types of construc- 
tion. 


Telephone 2-513) 


Manufacturers of: Explosion Proof Motor Controls, Junction Boxes and Enclosures, Circuit Breakers and 


Lighting Panels 


Oil Field Motor Controls, Automatic Pi 
Equipment, Switchboards, Instrument and 


Line Sampling Devices, Cathodic Protection 
ontrol Panels, Unit Substations. 
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corrosion, caustic embrittlement, elec- 
trochemical corrosion or galvanic action 
ind hydrogen embrittlement 

For a copy write Tempil® Corporation, 
132 West 22nd Street, New York 11, re- 
ferring by number to this PrTroLeum 
REFINER item 


Liquid Plants (Item 507) 


Experimental distillation pilot plants 
r industrial and institutional labora- 
described in a bulletin of The 
Copper & Supply Company 
Various operations listed include a still 
involving the kettle and condensers 
nly; a discontinuous and continuous 
fractionating unit; a continuous exhaust 
ing concentrating column; a continuous 
decanter; heat exchangers; and sampling 
Also included are descriptions ot 
specifications and construc 


oTies are 


Vulcan 


cocks 
equipment 
tion 

For a copy write The Vulcan Copper 
& Supply Company, 120 Sycamore, Cin 
cinnati, Ohio, referring by number to this 
PeTROLeEUM REFINER item 


Horizontal Turbine (item 508) 


Whiton Machine Company has devel 
oped a horizontal turbine designed to 
deliver 500 bhp. at 1750 rpm. with 850 
to 900 pounds initial pressure, 850° F 
['T and to exhaust into a vacuum of 12 
inches, or against 2 psig. back pressure 
Pedestals support the casing near the cen 
terline. Other features include an oil 
relay actuated constant speed governor, 
separate emergency governor of the 
poppet type, gear-driven oil pump to 
supply oil for the governor and the tur- 
bine bearings, external oil cooler, auto- 
matic back pressure trip and standard 
accessories 

For further information write Whiton 
Machine Company, New London, Conn, 
referring by number to PETROLEUM 
REFINER item 


this 


Furnace Enclosure (item 509) 
suspended arches 
walls to 
enclosures is dis 
cussed in a catalog of Laclede-Christy 
Company. In oil refining, Laclede's 
duo-seal construction can be applied to 
1 box-type heater with brick casing sup- 
ported on the horizontal wall supporting 
Other applications of the arches 
and tile include hearth furnaces; 
tile suspended arch for high-temperature 
furnaces; forge and annealing furnaces; 


dis 


Applications of 


and sectionally supported 


types of furnace 


steel 


open 


uluminum, copper, lead furnaces; 


HOWTO SAVE 
TIME AND MONEY 
WHEN YOU RAVE 

AN ELECTRICAL 
PROBLEM 


You can save time and money on 


electrical alterations, conversions 
and new construction through the 
employment of K-B’s Engineered 


Electrical Construction. 

By placing the 
sponsibility for engineering, pro- 
construction in the 


complete re 


curement and 
hands of one reliable firm, you can 
time of important per- 


save the 


sonnel In organization and 
realize the benefits from your in 
vestment in an improved electrical 
system at an earlier Un- 
divided responsibility for perform- 
ance of all phases of the work 


results in lower overall costs 


your 


date 


Our staff of Electrical Engineers 


ind Construction Specialists in 
sures an electrical system designed 
to best meet your needs and effi- 
the shortest 


cient installation in 


possible time. 


More 


progressive 


more of America’s 


industrial 


and 
most con- 
cerns are employing our complete 
their electrical 


facilities to solve 


problems 


WRITE, WIRE OR TELEPHONE FOR 
COMPLETE INFORMATION 


KELSO-BURNETT 


ELECTRIC co. 


223 W. Jackson Bivd. 
Chicago 6, Ill. 
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o¢ HARPER 


NON-FERROUS AND STAINLESS STEEL 
EVERLASTING FASTENINGS 


ever the lower first cost of common steel 


Resistance to Rust and 
Corrosion 


Resistance to High 
Temperatures 


Non-Magnetic 
Non-Sparking 
Re-Usable 


Attractive Appearance 


Long Life 
Lower Ultimate Cost 
Resistance to Fatigue 


Easy to Plate or 
Finish 

Resistance to 
Abrasion and 
Wear @ 


OVER 6000 ITEMS IN STOCK 


Write for complete, detailed 134-page Catalog 


THE H. M. HARPER COMPANY 


General Offices and Plant 
Merton Grove, Illinois (Suburb of Chicage) 

New York Office end Warehouse 

200 Hudson Street, New York 13 
Branch Offices: Atlonta, Cambridge, Cincinnati, Cleve- 
land, Dollas, Denver, Detroit, Grand Rapids, Los Angeles, 
Milwaukee, Ockland, Philadelphic, Pittsburgh, St. Louis, 
Secttle, Toronto (Canada). 


HARPER 


EVERLASTING FASTENINGS 


Easy to Clean 


High Strength 
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posal furnaces; down-draft heater; box- 
type and up-shot heaters; and boilers 
and fuel. Dimensions of spreader stoker, 
radial nose and flat arches are shown. 

For a copy write Laclede-Christy 
Company, 200 Iroquois Building, 3600 
Forbes Street, Pittsburgh 13, referring 
by number to this Perroteum REFINER 
item 


Process Engineering (Item 510) 


R. S. Aries & Associates, in “Chemi- 
cal Process Engineering,” suggest five 
steps for setting up a chemical process 
engineering plan: preliminary economic 
evaluation, plant and process design, 
plant location, plant construction and 
plant and process operation 

For a copy of the leaflet write R. S 
Aries & Associates, 26 Court Street, 
srooklyn 2, referring by number to this 
PETROLEUM REFINER item. 


Stainless Croloy Steels (Item 511) 


Reference Card TDC-122 on stainless 
Croloy steels for tubing offered by The 
Babcock & Wilcox Company, gives 
standard type mumbers by which grades 
are identified and chemical composition 
limits and ranges, based on ladle an- 
alyses. 

For a copy of the card write The 
Babcock & Wilcox Company, 85 Liberty 
Street, New York 6, referring to 
this PerroLeuM REFINER item. 


Valve Comparison (item 512) 

The Cooper Alloy Foundry Company 
has issued a chart to help in the selection 
of stainless steel valves. Two-inch gate 
valves, A, B, C, and D are compared 
and discussed. 

For a copy write The Cooper Alloy 
Foundry Company, Bloy Street and 
Ramsey Avenue, Hillside, N. J., refer- 
ring by number to this Perroteum Re- 
FINER item 


Electronic Gauger (Item 513) 

“Varec” finger-tip electronic gauger, 
a remote reading liquid level gauge, is 
announced in a bulletin of The Vapor 
Recovery Systems Company. Receivers, 
transmitters, and wiring are pictured and 
described with methods of installation. 
Ordering information for explosion-proof 
receivers, fingertip type and on-gauge 
type transmitters, junction boxes, remote 
selector relays and automatic tank 
gauges are included 

For a copy write The Vapor Recovery 
Systems Company, P. O. Box 231, Comp- 
ton, Calif., referring by number to this 
PETROLEUM REFINER item. 


Arc Welder (item 514) 
Construction and operating features 
of the arc welder developed by Birdsell 
Manufacturing Company, Inc. are listed 
in a new company bulletin. Model 170 is 
designed for general welding and 
maintenance service and has a welding 
range from 15 to 170 amperes. It may 
be used on 110 or 220 volt lines and 
has the capacity of a 5/32 inch rod. It 
is claimed that the instrument will weld 
in all positions, has a quick starting arc 
and stepless control as well as being 
synchronized in order that two or more 
machines can be coupled together. In- 
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direct, automatic, 
continuous 
VISCOSITY 
measurements 
cut costs, 
improve product 





Installed in a pipe line, 
F& P’s continuous \ iscos- 
imeter (VISCORATOR) 
eliminates time-consuming 
and uncertain manual vis- 
cosity determinations. 


Important savings are 
now being made by VIS- 
CORATOR instruments in 
pipe line tender identifica- 
tion, by assuring specified 
viscosity in tar bottom 
blending, by controlling 
lubricating oil side cuts ac- 
cording to viscosity instead 
of temperature, and by us- 
ing the relation between 
viscosity of liquid phase 
and hardness of solidified 
asphalt in blowing tar bot- 
tom products. 


Available for gases or liquids 
as indicator, recorder, control- 
ler, or remote transmitter. 
Ranges cover from 0.0008 to 
800,000 centipoises or equi- 
valent units. Pressures to 
10,000 psig. Temperatures to 
1500° F. (Catalog 88 gives more 
details). 


F & P Field Engineers are at your 
service. The coupon below is the 
first step toward a a 
practical cost-cutting Man 
program for your plant. 


(N AND 
TODay; 


I'm interested in cost-cutting. 
Please have an F & P Field En- 
gineer call, without obligation. 


Please send me Catalog 88 


0 


Name 
Position 


Company 


Mreet 


City State 


FISCHER & PORTER CO. 


° Dept. 9U-1C Hatboro, Pennsylvania 
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structions and hints for obtaining good 
welds are also included 

For a copy of the bulletin write Bird 

Manufacturing Company, Inc., P.O 

sox 733, Los Altos, Calif., referring by 


number to this PerroLeum REerinek iten 


Fluid-Shaft Motors (Item 515) 


include ™%, ' %, 2, 3, 5, 7%, and 
10 hp 

For a copy write Reuland Electric 
Company, Alhambra, Calif., referring by 
number to this PerroLeuM REFINER item 


Viscometer (item 516) 


Brookfield Engineering Laboratories, 
has developed a synchro-electric 
cometer described in a company cata 
I'welve advantages are listed, such 

| nstrument’s ability to measure 
and non-Newtonian mate 

atalog describes construction 

tor the typical 4 speed viscometer 

lels LV, RV, MV, HV 

py write Brookfield Engineer 

r aboratories, Inc., Stoughton, Mass., 
ferring by number to this PrerroLeum 

REFINER item 


Electric Furnaces (item 517) 


Burrell Technical Supply ¢ 
t 315 feature it-package box 


naces, and Bulletin 515 


mpany s 


atu eles 
el LGM 

| f either bulletin write 
cal Supply Company, 1942 
Pirtsbure! 19. reterring 


this Perroteum REFINER 


NO SCORE for centrifugals in 


any inning ... when you pack with 


PALMETTO PALCO.! 


On centrifugals 


pumping water or handling any 
neutral fluid to 275F, there's 


no chance of 


scoring pump 


sleeves if the packing is Pal- 


metto Palco. 


Palco won't score because it can't score. Built of cotton 
roving, each strand is separately saturated with a 
Palmetto lubricant that provides a_ self-lubricating 
packing. Friction created is negligible. 


Available in coil or ring .. . plaited square to required 
sizes. Write today for full particulars on this and the 





{ ‘ 

% — 
“TUSKO” 

WALRUS POLISHING 
LEATHER 


full line of Palmetto packings for all industry. 


GREENE, 
NORTH WALES, PENNSYLVANIA 


TWEED & CO. 


Contact your fully-stocked 
Palmetto distributor on all pack- 
ing problems ... ask him about 
ovr special tools. 


Relief Valve (Item 518) 


lines 


, msecticides 


Springs art 


t elief pressure 
15 to 50; 40 to 75, 
and 5 to 125 psi 
When press re exceeds the relet setting 
diaphragm and valve seat are raised, 
pening the valve and releasing air or 
hquid through the utlet port. Surplus 
quids can be discharged to supply tank 
piping the utiet port 
ation write C. A 
iny, 222 Santa Fe Drive, 


referring by number 


REFINER item 


Velocity-Power Driver (item 519) 
H steel studs can be driven instan 
taneous! 1 eel, mansonry or con 
crete witl velocity-power driver “at 
cost reductions up to 60 percent” is told 
n Bulletin N [A-17 of Mine Safety 
Appliances Company \ spring-loaded 
safety arm prevents accidental cartridge 
discharge. The driver uses energy ot a 
blank cartridge to penetrate steel, to 
join steel to concrete, wood to concrete, 
steel to steel without drilling, plug 
studding. Applications 
together with a table | 
of studs which should 
specinc jobs 
For a copy write Mine Safety Appl 
mpany, Braddock, 
Meade Streets, Pittsburgh 8, referring by 
this PerroLeuM REFINER iten 


ances ( mas and 


Tit mber te 


Valve Parts (Item 520) 

A bulletin of The ¢ oper Alk Foun 
dry Company 
sketches of gate, globe, check and lever 
presented 


contains diagrammatic 
operated valves. These are 
along with a uniform material and parts 
identification code 

For a copy write The Cooper Alloy 
Foundry Company, Hillside 5, N. J., re 
ferring by number to this Prerro_teum 
REFINER iten 


Positive-Seal Baffle (item 521) 


\ positive seal baffle for two shell 
pass heat exchangers lescribed in a 


bulletin of Henry Vogt Machine Com 


Petroleum Re finer 


LRN OEE NS gs I 








COPPER 
WEETENING 
PROCESS , 


TRIANGLE BRAND 
7 Te)y 
COPPER 
SULPHATE 
is preferred by leading refiner- 
ies because of its high copper 
content, dependable uniformity 
and exceptional purity and 


freedom from foreign and inert 
matter. 


99% + PURE 


Quotations on request, on any 
quantity required. Shipments 
can be made from our nearest 
pliant. 








I ab? a 
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* ihe 
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PLASTIC 


PERMOCHARTS* 
Washable - 


Guaranteed serviceable life— 
TWO YEARS 
Cost per day 
$.00342 
Available for any instrument using 
circular charts 

Made of 100% “Vinylite” 
laminated construction 


Reusable 
only $.00205 to 


plastic 


WRITE FOR COMPLETE 
DETAILS 


ALLEGHENY PLASTICS, INC. 


466 Chestnut Rd. Sewickley, Pa. 
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pany, consists of a solid plate, inserted 
between the tube sheets of the tube 
bundle, having outwardly opening chan 
nels on each side. A cross-section of the 
exchanger presents the locking washer, 
compression nut attached to com- 
linkage, ste el backing strip 
which equalizes pressure against pack 
ing, and packing which makes the seal 
between baffle and shell All parts ot 
the compression mechanism are cad 
mium plated “to insure free operation 
at all times.” 

For a copy write Henry Vogt Ma 
chine Company, Louisville 10, Ky., re 
ferring by number to this PErETROLEUM 
REFINER item 


screw 


pression 


Water Vapor Physics (item 522) 
“The World Is Sopping Wet,” a bul 


letin written by Elmer R. Queer, pro 
fessor of engineering research, and bk. R 
McLaughlin, associate pr engi 
neering research, State College, Pa., and 
published by Pittsburgh Lectrodryer 
Corporation is the second in a 
relating to the fundamental physics of 
ater vapor as related to solid adsorp 
tion dehumidification. It explains the 
effect of moi daily living and 

liscusses the harmful effect which 
atmosphere has on 
and materials in 


otessor 


series 


sture on 


vapor in the 
cesses 

py write Pittsbargh Lectro 

‘ orporation, P. O. sox 1766, 
Pittsburgh 30, number to 
this PerroLeEuM 


referring by 
REFINER item 


Ail Filter (Item 523) 


Bulletin PF-100 describes the centri 
adsorptive air filter of Industrial 
Corporation for removal of entrained 
and oil, oil vapors and pipe scale 
from compressed air. The 
the filter chamber passes 
porous stainless 
with S/\ which absorbs any 
oil vapors passing the steel. The steel 
removes the remaining particles of liquid 
which drain to the bottom. An automatic 
trap drains accumulated liquids from the 
filter chamber. With a working pressure 
of 150 pounds, the equipment has a pres 
drop through the filter of 8 inches 
ot water. Pipe range from % to 
3 inches with general dimensions rang- 
ing from 7 by 10 to 14 by 40 inches 
For a copy write Industrial Corpora 
tion, 88-35 76th Avenue, Glendale, Brook 
lyn 27, to this Pr- 
rROLEUM 


sorb 
Vater 


through a 
steel cartridge filled 


sovabead 


sure 
sizes 


referring by number 


REFINER item 


Self-Priming Pumps (item 524) 


Four main types covering 26 basic 
f Marlow self-priming centrifugal 
pumps are described in Bulletin 1B49 of 
Marlow Pumps. Electric motor powered 
long coupled, close coupled, vertical and 
belt driven types feature free-flow design 
and the “diffuser” method of priming 
rhe pump c¢ by pass valves or 
other mechan lables for de 
pipe and fit 
maximum prac 


lifts sup] 


series 


ntains no 
ical devices 
termining friction loss in 
btaining 


t l | + 
cal dynamic suction 


ngs and for 
lement 
lata 

Marlow 
referring by 


Ret 


p write 
N. J 
TROLEUM INER ten 


ymmpany Public 


air coming to | 


SIER-BATH 


SCREW 
PUMPS 


can pump 
the 
darndest stuff! 


SiER-BATH 
SCREW PUMP 


Pumps: ecotates, esphelts, 
punker € fuel oil, cellvlesies, greases, 


molasses, syrups, etc. Presse - 
te 1000 Ibs. 


N°? matter how gooey the stuff, it 
can’t “gum up the works” in a 
Sier-Bath Screw Pump. The power- 
ful thrust of its screw moves materials 
so viscous that they are often in a 
semi-solid condition. 


The simple design (only two moving 
parts) and accurate but sturdy con- 
struction, make these screw pumps 
long-lived and keep them relatively 
free of maintenance. They are avail- 
able in horizontal and vertical models. 


Send for booklet. 


ALSO MANUFACTURERS OF SIER-BATH 
GEAREX ROTARY PUMPS AND SIER-BATH 
PRECISION GEARS 





FOUNDED 1905 MEMBER A.G.M.A. 


=-@ Sjer-Bath 
GEAR and PUMP CO., Inc. 


9249 HUDSON BLVD., NORTH BERGEN, N J 























About EQUIPMENT and 
SERVICE Suppliers 


Vapor Heating Buys Control 
Of Texsteam Corporation 


Vapor Heating Corporation, Chicago, 


has acquired controlling interest in Tex- 
steam Corporation, Houston, and A. J 
Loose, elected vice 
president and treas 
urer of Texsteam, 
will be in active 
charge of operations 
Until recently and for 
ll years, Loose was 
associated with Va- 
por’s Chicago plant, 
working on engineer- 
ing and production of 
steam generators 
Texsteam Corpora- 
tion manufactures a 
line of safety relief 
valves, liquid injector 
pumps, and will now 
make a large heavy-duty steam genera- 
tor. This generator develops full work- 
ing steam pressure in three to five 
minutes from a cold start, makes over 
15,000 pounds of super-heated steam an 


Loose 


hour equivalent to 500 hp. at 500 pounds 
working steam pressure 

Texsteam Corpcration will continue 
operations under its own name, and its 
products will be distributed by Bettis 
Corporation, Houston, which for sev- 
eral years has been selling Vapor-Clark- 
son steam generators to the oil industry 


Dowell Inc. Promotes Four, 
Establishes A New Station 

Dowell Inc., a wholly-owned subsid- 
iary of The Dow Chemical Company, 
has promoted Marvin E. Johnston, Lar- 
kin L. Blake and Clarence R. Olson to 
the position of sales engineers. Herbert 
H. Walther, Jr., sales engineer for 
Dowell Inc. in Richmond, Va., has been 
promoted to development engineer. He 
will be assisted by Ed Seel and Harry 
Porter ; 

The company has also enlarged its 
Richmond sales outpost to a station and 
has established a new station at Sullivan, 
Ind., B. E. McCann is in charge, as- 
sisted by J. R. Jay 

Johnston joined Dowell Inc. in 1943, 
Blake in 1944 Olson in 1947 and Walther 
in 1944 





Tom Luster 
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Specializing In 
RIGGING—ERECTING 
HEAVY HAULING 


Unloading and Hauling, Preparing to Erect 65 Ton “Bubble Tower” 


Night Numbers Byron Schubert 
J. S. Goldberg 


WESTHEIMER 
RIGGING & HEAVY HAULING CO., INC. 


117 EASTWOOD - HOUSTON, TEXAS 


WELD CAPS 





A Complete Organization Serving the Major Industries 
Throughout the Southwest for 66 Years 
EXPORT CRATING FOR FOREIGN SHIPMENTS 


BOX 1506 





HACKNEY 


Hercules Now Incorporated, 
Adds Two Vice Presidents 


The Hercules Supply Company, after 
almost 30 years, has been incorporated 
and has added two part owners, officers 
and directors. They are J. W. Elizardi, 


Elizardi Finch 
Jr., formerly a vice president of Griscom- 
Russell Company; and J. E. Finch, for- 
merly a vice president of Plowden Sup- 
ply Company. Both men had been with 
their respective companies for 21 years 
prior to joining The Hercules Supply 
Company 

Elizardi, a heat exchanger engineer, 
who is a vice president of the new cor- 
poration, will continue to represent the 
Southwest for the Griscom-Russell Com- 
pany. He is a registered engineer in 
Texas and a graduate of the engineering 
school of Tulane University 

Finch affiliated for severdl years in 
supply circles of the Gulf Coast, is now 
vice president of Hercules and will be 
in charge of industrial supply sales 

John T. McCarthy, Jr., the founder 


MANUFACTURING 


SPECIALISTS IN 


PRESSED PRODUCTS 


ASA Standard — All Sizes 
For Seamless Pipe 


ASME CODE TYPE HEADS 
F G D, and Elliptical 
Up to 36” Diameters 


WELDING SLEEVES 4 
For All Pipe Sizes 


MANWAYS 


Pressed Type 
16” and 20” Sizes 


IROW & 
STEEL Ca 


ENID, OKLA. 





of Hercules Supply Company, is presi- 
dent of the new corporation whose ware- 
house and offices are located at 6900 
Clinton Drive, Houston. The corpora- 
tion is a distributor of industrial sup- 
plies including oil well, refinery, pipeline, 
and gasoline plant equipment 


Harry A. Dennis Appointed 
Sales Manager of Graver Tank 
Tank & Mfg. Company, Inc., 


East Chicago, Ind., has appointed Harry 
A. Dennis sales manager of the com- 
pany’s Weldment di- 
vision in the mid- 
western area. Dennis 
was formerly with 
Lukens Steel Com- 
pany and its By- 
Products and Luken- 
weld divisions as as- 
sistant district sales 
manager. Beginning 
in 1939 with the Lu- 
kens Steel Company 
as a helper in the 
open hearth, Dennis 
later became a weld- 
ing research engineer 
He was graduated 
from Pennsylvania State College with a 
bachelor of science degree in metallurgy 


Graver 


Dennis 


Jarecki to Manufacture 
At Porter’s Tulsa Plant 
fittings formerly manu- 


Jarecki Manufacturing 
Erie, Pa., will be 


Valves and 
factured at the 
Company plant in 
manufactured at the Tulsa plant of H 
K. Porter Company, Inc. The company 
plant at Erie, containing 300,000 square 
feet of floor space, was larger than the 
company needed for economical oper- 
ation, officials said 


Dixon and Blackburn Named 

Midstates Vice Presidents 
Midstates Oil C« 

iary of Middle 


poration, has 
Philip C. Dixon, 


9rporation, a subsid 

States Petroleum Cor- 
elected the following: 
oil and natural gas en- 
gineer of Houston, executive vice presi- 
dent: George M. Vandaveer, Jr. and W 
H. Blackburn, both of Tulsa, vice presi- 
dents. All will have headquarters in 
Tulsa 

Dixon, who was graduated from the 
Colorado School of Mines, later 
professor of petroleum engineering there 
He has also been a consulting engineer 
in Houston, specializing in pressure 
maintenance and cycling operations 


was 


Vandaveer will be vice president in 
charge of production and engineering 
Blackburn has been associated with the 
company in managerial capacities since 
1919. 


General Refractories Names 
Graham as Sales Assistant 

Harry T. Graham has been appointed 
assistant general sales manager of Gen- 
eral Refractories Company, Philadelphia 
He has been with the company since 
1937, following three years as tax ad- 
ministrator for the federal government 
Assigned first to the Chicago sales of 
fice, he was transferred in 1946 to the 
home offce in Philadelphia. In 1947 he 
became assistant district sales manager 
of the Pittsburgh office. 


September, 1949 


Western Supply Company 
Advances Gibbons, Anderson 


Anderson 


Western mig 4 aupeny of Tulsa 
has named Frank M. Gibbons exchanger 
division representative for the Gulf Coast 
and E. D. Anderson chief engineer in 
the exchanger division. The heat ex- 
changer division has also been elected 
to membership in the Tubular Exchanger 
Manufacturers Association, a group of 
manufacturers serving the refining, gas- 
oline and general processing industries 
and responsible for the development of 
thermal and mechanical standardization 
of tubular heat transfer equipment 

Gibbons was formerly with Bechtel 
Corporation and, prior to that, was em- 
ployed with American Locomotive Com- 
pany. His new headquarters will be in 
the Wesc Building, Houston. Paul R 
King will continue to represent Western 
Supply Company at Houston, in the sale 
of pipe, valves and fittings 


Anderson, who has been with the 


STAMP i 


DRAW 


company since 1947 received his training 
at the University of Wisconsin, later 
working five years at Shell Oil Com- 
pany’s Wood River refinery 

Charles D. Axelrod, a graduate of the 
University of Oklahoma and Edward W 
Flaxbar, who received his degree in pe- 
troleum engineering from the University 
of Tulsa, will be engineers working 
with Anderson. 


Air Reduction Announces 
Research Staff Changes 

Air Reduction Sales Company has an- 
nounced ghanges in its personnel as 
follows: Frank J. Aschenbrenner and 
Earl C. Clark appointed assistant di 
rectors of research and engineering; 
Dr. L. I. Gilbertson appointed adminis- 
trative manager in charge of business 
management; L. M. von Winkle named 
executive accountant; and Frederick C 
Saacke appointed safety engineer of the 
company "s organization. He will assist 
Crowe in the technical relations depart- 
ment which has been transferred trom 
research and engineering to the secre- 
tary’s department. 

Aschenbrenner will be in charge of 
the company’s Murray Hill, N. J., lab- 
oratory. Clark has been placed in charge 
of the development and engineering 
groups 


Diamond Alkali Promotes 
Mills and Klaus Executives 

Earl J. Mills has been appointed man- 
ager of Diamond Alkali Company's 
southwest sales district comprising 
Texas, Oklahoma and Kansas, and 
Charles W. Klaus, has been named to 
take complete charge of the company’s 


——__<> 


Riincctenetned to any “mesh” from 25 
to 400, with any proportion of open area 
from 10% to 50%, in widths up to 36” 
and as long as you want—LEKTRO- 


MESH runs constant in close adherence 


BEND 


to the tightest specifications—and we 


can make it in any pattern and shape the 


CUT i 
SCRAPE n e 
SOLDER n e 


wildest designer can dream up. Readily 
adaptable to the widest variety of critical 
filtering problems—to unique decorative 
use—or, perhaps, to applications no one 
has yet thought of. 


LEKTROMESH 





vit 


THE Cc. 0 


JELLIFF 


MANUFACTURING 
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SOUTHPORT, CONN. 
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butane-propane WALVES 


These quick acting Okadee Valves give you a positive shutoff 
when closed and full opening flow-through when open. That 
ts what you need on Butane-Propane lines and others carrying 
light fluids and gases 

Seats and discs are precision-lapped to micro flatness (three 
millionths of an inch) and checked for accuracy with the 
light-wave method of inspection. Discs move in a parallel 
line and seal perfectly without wedging action. Seats and 
discs are easily replaced and all integral parts are removed 
through the outlet opening without further dismantling the 
valve 

Bodies are one-piece cast steel with stellited seats, meehan:te 
discs, stainless steel stems and bushings. Outside packing 
gland is stainless steel; gland nut is cold rolled steel 
Okadee Valves with screwed connections are available in 
sizes '2" through 4” with single and double discs; 2” through 
4” sizes, with standard ASA face to face flange dimensions 
Specity Okadee Valves for service in light fluid and gas lines 
Their higher quality materials assure lower maintenance cost 
and perfect service for years 
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HOUSTON |, TEXAS 


CHIKSAN COMPANY 


New York 


Bree Colif ? 


Export Soles HIKSAN EXPORT COMPANY Breo Collf New York 7 


sales activities affecting the seven-state 
area of Illinois, Indiana, lowa, Michigan, 
Minnesota, isconsin and Nebraska 

Mills, who has been manager of the 
company’s southwest sales less-carload 
sales for the past two and one-half 
years, joined the company in 1932 

Klaus, manager of the company’s car 
load sales at Chicago since 1947, has 
been engaged in chemical sales through- 
out the Middle West for nearly 40 
years. Since 1947 he has been manager 
of carload sales for Diamond Alkali 
Company 


Davey Sales To Represent 
United Centrifugal Pumps 


Davey Engineering Sales Company of 





St. Louis has been appointed representa 
of United Centrifugal Pumps in that 


Louis firm, is a 
registered protes 
sional engineer of 
Missouri. Prior to his 
establishment ! 

St 


Named General Manager 
Eric G. Peterson has beet 
Peabod 


general mat 
ne Ce rporati , mManutar 
equiy 


scrubber 


Peterson 


ater 
partment. He 


n New York 


Airco Sales Announces Changes 
In Eastern Personnel Staff 


Reduction Sales Company 
1 personnel changes as 


Davenpor rmerly assist 


ger t 
lobbins apy 


ring 


a 





headquarters. Dobbins will be succeeded 
as superintendent of the Johnstown ton- 
nage oxygen plant by J. C. White, for- 
mer superintendent of the Gloucester, 

J. oxygen plant 

Dobbins will administer plant engi- 
neering matters not assigned to the gen- 
eral engineering division and will also 
act as liaison between the company’s 
problems of a technical and engineering 
nature 


Edward Valves Completes 
New Eastern Laboratories 

New metallurgical, physical, 
chemical, laboratories have been 
pleted for Edward Valves, Inc., East 
Chicago, Ind., and are now being used 
for extensive research and development 
work on Edward and Nordstrom steel 
valves 

Equipment has been acquired from 
Great Britain, Switzerland, Sweden, the 


and 
com- 


drop and flow reearch, which they have 
developed in recent years, is being 
continued 


Timken Observes 50 Years 

The Timken Roller Bearing Company 
of Canton, Ohio, is this year celebrating 
the fiftieth anniversary of its founding in 
1899. William and Henry Timken, Sr., 
together with their father started a 
wholesale carriage factory in 1894. Since 
hity 


years ago when the first patented 
Timken tapered roller bearing was built 
and installed on a carriage axle, some 
has joined the almost triple previous company’s re five billion bearings, ranging in weight 

Moore Products earch facilities Especially constructed from two ounces to 9068 pounds, have 
oS manager 6 rooms house analysis and made for use in automobiles, rail 
equipment with controlled locomotives and mills 

and humidity Phe airplanes, ships, and machin 


Netherlands, France, Germany, Austria, 
and other countries as well as the 
United States rhe new laboratories 
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Pacific Valves Manager 
Pacific \ ilves 
branch office at 
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be managed by ( ( 
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For all Liquid 
Handling Problems 


In any processing operation where 
the maintenance of a uniform temperature in the 
process pipes is necessary, H & B jacketed pipe sys- 
tems will assure dependable, economical production. 
This is equally true regardless of whether the material 
being handled requires a hot or cold temperature, 
what heating or cooling medium is used, or whether 

is corrosive or non-corrosive. Write for Bulletin S-47. 
The Fluidometer—If you have a liquid batching problem—involving 
either light or heavy liquids—investigate the Fluidometer System. The H & B 
Fluidometer is an accurate, dependable, completely automatic metering 
system adaptable to practically every liquid measuring problem in industry, 
whether it involves gallons, barrels or tank cars. Write for new Bulletin FL-49. 


HETHERINGTON & INC. 


711 KENTUCKY AVENUE « 


Elected Chemicals Executive 


Thomas H. Casson has been elected 
nt and controller of 
Chemicals, Inc ( 
‘ roller since 1945 
rine tn company as general 
in 1941. He graduate of Holy Cross 
University and also attended Columbia 


raduate w 


vice preside 


assol 


University for postg 


Kieley & Mueller Name Agent 


John G. Kirkpatrick has been named 
exclusive Kieley 
& Mueller, Inc., in the tri-state area of 
Pennsylvania, West Virginia and Ol 
and not in Pennsylvania, New Jersey ¢ 


New York 


sales representative of the material 


is release stated 


McGunagle Named Ohio Agent 


William H. McGunagle has been ap 
pointed sales representative of National 
Foam System, Inc., of Philadelphia for 
the northern part of Ohio with head- 
quarters in Cleveland 


BERNER 


INDIANAPOLIS 7, INDIANA 
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REFINER CLASSIFIED ADS 


RATES for Classified Ads are $8 per column inch. Minimum size one column inch. In smaliest 


type size, figure 50 words per inch. Situations Wanted $4 per column inch. All classified ads 


payable in advance. Ten percent discount If three or more insertions are ordered at same time. 
COPY DEADLINE is 25th of month preceding date of issue. Send copy and checks to: Classified 


Ad Department, Petroleum Refiner, P. O 


* + * * * * * * 


Box 2608, Houston 1, Texas. 


* * + * * * * * 





Instrument Engineer 


A major oll company has opening for 
Instrument Engineer with at least 
three years of chemical plant or re 
finery experience. Preference given to 
men with engineering background. Give 
qualifications, education, experience 
a small inexpensive 
Address: Box 
Houston 


age, and attach 
passport 
165-R, c/o Petroleum Refiner 


Texas 


photograph 











ERNST Liquid Level Gages 


ght Flow Indicators 
@ Gage Glasses e@ Try Cocks 
@ Gage Glass Washers 


wert £08 LETINS 
ERNST WATER COLUMN & GAGE CO 
LIVINGSTON, Ww 4 


ery. The company now has branches in 
Canton, Zanesville, Bucyrus, Wooster, 
Mount Vernon and Columbus, Ohio, St 
Thomas, Ontario, Can., and Colorado 
Springs, Colo 


Woltz Transferred to Dallas 

Clifton W. Woltz, 
Corporation sales 
engineer, has been 
recently transferred 
from the company’s 
headquarters at 
Mount Vernon, Ohio, 
to the Dallas branch 
office 

Woltz, who 


continue in 


Cooper-Bessemer 


will 
the 
apacity of sales en 
gineer in the Texas 
area for all types of 
gas, diesel engine and 
compressor installa- 
tions, is a graduate 
mechanical engineer 
from Case Institute of Technology and 
holds a lieutenant’s commission in the 
USNR, having served three years in the 


Navy World War 


Woltz 


during 


Robinson, Sharp Promoted 

Charles I 
cago branch industrial manager for 
Brown Instruments division of Minne 
apolis-Honeywell Regulator ( 
Sharp, who has been with the 
office for the past five years 
J. A. Robinson, 
regional industrial sales manager for the 
Midwest and all and Pacifix 
Coast areas 

Robinson will 
quarters in Chicago 


Sharp has been made Chi 


ompany 
Chicago 
succeeds 
ma le 


who has been 


western 
head 


also make his 


Maintenance Engineer 
Available 


Graduate mechanical engineer, 39, 
with 18 years experience, as 
maintenance engineer on plant 
equipment and supervisor of plant 
construction, Veteran Naval Of- 
ficer now living in Huntington, 
West Virginia desires change 
Address: Box 156R, c Petro- 
leum Refiner, Houston, Texas 











Cochrane Appoints Manager 
Cochrane Corporation, Philadelphia, 
Pa., has appointed Samuel B. Applebaum 
manager of the 
Cold Process Water ® 
Treating Division 
Applebaum is vice 
president of Liquid 
Conditioning Corpo 
ration, an operating 
subsidiary of Coch 
rane Corporation, 
whose capital stock 
they purchased in 
February 1949 
Formerly’ vice 
president of the Per 
mutit Company, Ap- 
plebaum later was 
president of Liquid 
Conditioning Corporation 


Applebaum 


Appointed Globe Distributor 

Globe Steel Tubes Company, Milwau- 
kee, Wis., has appointed John A. Rhodes 
“ompany, Inc., Springfield, Mo., as dis- 
tributor of Globe Steel Tubes Company 
seamless welding fittings and flanges. A 
complete line of fittings and flanges will 
be stocked in sizes ranging from % to 
24 inches in diameter 


National Sales Manager 


George E. Gilliam has been named 
national sales manager of pyrometer sup- 
plies for the Brown instrument division 
of Minneapolis - Honeywell Regulator 
Company. Gilliam has been with the 
company for the past five years, most 
recently at its South Bend branch of- 
fice. He will make his headquarters at 
the company home office in Philadelphia 


Leech to Petro-Chem 


Thomas B. Leech has resigned as man- 
ager of refinery sales, Bethlehem Supply 
Company, Tulsa, to go with Petro-Chem 
Development Company of New York, in 
an executive capacity. He will have head- 
quarters in Tulsa. Petro-Chem manu- 
factures iso-flow furnaces for process in- 
dustries such as petroleum refineries, 
gasoline and chemical plants 


Ridge Tool Sales Agent 

The Ridge Tool Company, Elyria, 
Ohio, has appointed L. C. Richardson 
sales representative of the company’s 
inter-mountain terri- 
tory of Missouri, 
Kansas, Colorado, 
Arkansas and Wy- 
oming. His head- 
quarters are in St 
Louis. Richardson 
has been employed 
for thirteen years 
with Stockham Pipe 
Fittings Company 
and The Grinnel 
Company where he 
became acquainted 
with wholesale 
plumbing, hardware 
and oil field supply 
jobbers in the South and West 


Richardson 


Klemp Company Opens New Plant 

The William F. Klemp Company has 
opened a new plant at 7700 Wallisville 
Road to serve Houston and the Gulf 
area. The new plant, which during the 
war was part of Howard Hughes’ strut 
plant in Houston, will produce electro- 
open steel grating and treads, 
diamond riveted steel and aluminum 
grating and treads, diamond riveted 
open steel bridge decking, Hexteel heavy 
duty surface armor, (used as ganister 
lining in cat crackers) and Floorsteel 
flexible floor armor. The plant will also 
fabricate Spansteel, Klemp Company's 
exnanded metal, and Flexteel, Klemp’s 
new flexible open steel conveyor belt. 

Sales representative for the new plant, 
H. L. Thompson, Esperson Building, 
has been the Houston representative of 
the Chicago plant for the past 20 years 
Additional sales representatives will be 
appointed in other Texas cities 

In charge of plant operations will be 
Gonzalo Jauma, a Klemp veteran 


Mott Named by Elliott 

Elliott Company has announced the 
appointment of F. S. Mott as manager 
of manufacturing at the Ridgway, Pa., 
division. Mott formerly was assistant 
to vice president in charge of manu- 
facture at Master Electric Company, 
Dayton, Ohio 


torged 


If you need dependable Turbine repairs 
in a hurry, call us. We are completely 
equipped to repair and dynamically bal- 
ance turbine rotors and any High Speed 
rotating elements in our modern shops. 


25 Years of Successful Experience 


F ENGINEERING CO, NC 


e Not Promises 


Gul 


ere 


new 
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Petroleum Re finer 





NARURRY! 


Call Amarillo 4395 
for Fast, Skillful Service 


Fractionating Towers 
Absorbers Scrubbers 
Heat Exchangers 
Retubing of Heat Exchangers 


API-ASME and ASME Code 


Certified by National Board 


SUPERIOR MANUFACTURING COMPANY 


AMARILLO, TEXAS 
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THE EDWARD SOPH CO. 


Corrosion Resisting Equipment 
For the Petroleum and 
Chemical Industry 


PIPE 
VALVES 
VESSELS 

FITTINGS 

PLASTICS 

CERAMICS 
RASCHIG RINGS 


CENTRIFUGAL AND 
PROPORTIONING PUMPS 


Tulsa 5, Okla. 
202 E. 18th St. 
Phone 3-6659 


Houston 2, Texas 
726A M&M Bldg 
Phone Charter 4-8:89 














ecements OF [IESE] encincerine 


By ORVILLE L. ADAMS 


Pu ation of the long-awaited second edition of ELEMENTS 
OF DIESEL ENGINEERING, a completely rewritten and revised 

< based on Orville L. Adams’ previous work of the same name 
whi h was INDUSTRY-TESTED, PROFESSIONALLY AC 
CEPTED, and USED AS A TEXT IN SCHOOLS THE WORLD 
OVER, is now completed. 


Here you wil! find explained the principles and practices of Diesel 
Engineering—Diesels as they are worked, not as theorized 


FUNDAMENTALS are clearly presented in logical, step-by-step 
manner, with no confusing language. The author, as a Naval 
Officer in charge of Diesels during the war, taught classes of 
Army and Navy personnel. This teaching experience, added to 
his former work as a Diesel research engineer, and widely-known 
writer on Diesels, proved invaluable to Mr. Adams in the 
preparation of this great new book 


The man who knows little, even the man who knows NOTHING 
of Diesel Engineering will find in these pages all that he needs 
to learn to qualify as a skilled Diesel man. Engineering stand- 
ards, and the attitude of the Diesel industry are accurately 
pr_sented. INSTRUCTORS in technical schools and colleges will 
find in this book an old friend—a text many of them found to be 
indispensable in their classes before the war, a book that stands 
on its own feet in a way many texts fail. The PROBLEMS, the 
QUESTIONS AND ANSWERS after each chapter are especially 
designed to help the class room teaching of this important field 
of engineering 


THE AUTHOR, Orville L. Adams, is widely-known in the pub- 
lishing as well as the academic fields, and to an extent seldom 
found in one man, he combines practical experience with an 
intimate knowledge of the requirements of the school and college 
ELEMENTS OF DIESEL ENGINEERING, as it appears in this 
new edition, could have been written only by an engineer, turned 
instructor with sound experience in the preparation of books 


368 Pages $5.00 
Send orders to 
THE GULF PUBLISHING COMPANY 


P. O. Box 2608 
HOUSTON, TEXAS 


Fully Illustrated 








September, 1949— 


A Gulf Publishing Company Publication 


KERLOW GRATINGS 


for all purposes 
in all types of plants 


Grid trays for petroleum. chemical and food process plants. 
. platforms, = and safety steps. 
Tote boxes and palle 
Bridge flooring. coy armoring. drain grates and trench 
covers. 
Strong. durable, self-clearing, economical to install and 


maintain. 
Write for catalog on types of grating in which you are 
intereste: 


KERLOW STEEL FLOORING CO. 


25 Mallory Ave. Jersey City 5, N. J. 


RERLOW 


OPEN STEEL FLOORING 











* The asterisk preceding name of adver- 

tiser indicates that detailed data on prod- 

ucts and services of the firm will be found 
in The 1948 Refinery Catalog. 
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What About Checking 
On Operation Cost 
HIGH EFFICIENCY 
BRINGS BIG SAVING 


In selecting a well water system, the 
matter of operation cost is of prime 
importance. 


For nearly seventy years Layne has been steadily 
building more and more efficiency into their well water 
systems. Today they are accepted the world over as 
being the most economical to operate. 


And supporting efficiency, there is an extra rugged- 
ness of construction that insures the maximum in long - 
life. Each unit is precision built of finest materials, result. ee - 
ing in a highly perfected and smooth operating system . ~ 7» 


It is an acknowledged fact that Layne has built more 
fine well water systems than any other firm in the entire 
world. Furthermore, the Layne method of well construc CHEMLON SEALS 
tion and pump installation is recognized as being far 
superior to the usual procedure. And once installed, the 


Layne organization is always available to supply services ALL ACTIVE CHEMICALS 


and parts,—when—and if needed. 


For helpful water system information, 


catalogs, bulletins, etc. Here's a new “John Crane” Packing which is 


inert in such acids as Hydrochloric, Sulfuric, 
Nitric, Hydrofluoric, Hydrobromic, Phosphoric 
Address or Acetic is not affected by bases like Sodium 


LAYNE & BOWLER, INC. ss Adelae) slel ae ae mele-Tssitliele > A'Zelae) 416 (a 
General Offices Why don’t you investigate Chemlon for 
MEMPHIS 8, TENN. your chemical sealing problem? Pack a small 


valve to see for yourself 
Our new free booklet describes Chemlon fully 


Your copy will be sent on request 


CRANE PACKING COMPANY 


1820 Cuyler Avenue Chicago 13, Illinois 


* Layne-Atiantic ¢ 


tember, 1949—A Gulf Publishing Company Publication 











THE EXPANSION ROOF STOPS PROFIT LEAKS 


Narrowing margins demand optimum operating economy wherever petroleum 
products are stored. That's why producers, refiners and marketers alike have 
turned to the Expansion Roof. Here’s what it means to them: 


ECONOMY The end of evaporation losses 

PAYOUT Protection of multiple tank installations through manifolding 

PRODUCT QUALITY Maintenance of quality during the storage period 

SAFETY Reduced fire hazard, Underwriters’ approved 

SIMPLICITY No problem of maintenance 

PERMANENCE... No parts to wear, the Expansion Roof will last the life of the tank 
In the face of narrowing margins, call on Graver today. Our engineers will analyze your 
ones - blems without obligation and show you how the Expansion Roof can stop your 
proft leaks 
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‘ _., Buell van Tongeren Catalyst Collector 
~ \ built by wyam EXACTING WORKMANSHIP 
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Side- entering 
Agitators 


e 


» Vertical Mixers 





The Patterson Foundry and Machine Co. 
East Liverpool, Ohio, U. S. A. 
The Patterson Foundry and Machine Co., (Canada) Ltd. 


Toronto, Canada 





